Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



...Google 



From D. VAN NOSTRAND'S UST 



The " WeJltminsl-Ar " *i«»»ieg 




INTRODUCTIOK TO THE CHEMISTRY JWD 
PHYSICS OF BOIL] 
Munbt, M.A. (CantJ 



New York: 23 Mm 



/- 



From D. VAN NOSTRAND'S UST 



The "Westminster" Series. $2.00neteach. . 

SOILS AND MANURES. By J. Aian MmtKAY, B.Sc. 

THE MANUFACTURE OF PAPER. By R. W. 

Sdjdall, F.CS. 



...Google 



From D. VAN NOSTRAND'S LIST 

Revised and Eniarged Second Edition. 

INTERNAL WIRING OF BUILDINGS. By 

H. M. Leaf, M.I.Meeh.E., etc. Fully Illus- 
trated. $1,50 net' 

ELECTRICITY. By H. M. Hobart, B.Sc, 
M.Inst.C.E. With 43 Tables and 115 IIIub- 
trations. Demy 8vo. $2.00 net. 

"Power factor loses its difficulty completely undec 
the author's treatment, and the relationship between 
resistance, inductance and impedance is made quite 
clear." — Electrical Review. 

ELECTRIC LAMPS. By Maurice Solo- 
mon, A.c.G.l.,A.M.ln8t.E.E. Illustrated. Extra 
Crown 8vo, $2.00 net. 

Part Contents. — The Prindplea of Artificial Illumin- 
ation. The Production of Artificial Light. Photo- 
metry. Methods of Testing. Lamps of Every Type, 



THE THEORY OF ELECTRIC CABLES 

AND NETWORKS. By Alexander Kusseix 
M.A., D.Sc. Illustrated. Demy 8vo. $3.00 net. 

There is nothing more conducive to the satisfactory 
working of an electric supply stAtion than a thoroughly 
trustworthy and economical network of cables connecting 
the dynamos with Ihe lamps and motors of the cc 



New York : 23 Murray and 27 Wairen Stmta. 



ELECTRICAL MINING 
INSTALLATIONS 

Oiizta ..Google 



INSTALLATION MANUALS. 
cotTDUOTOBS, HonsB wiama bn. 

UllFS. 8W1T0HBS, nTTmaB, TBAHB- 

FOKHBBS. 
ASO LUfPS. 
HOTOBA AITD 81UI.I. POWER PLANT. 

SHIP wiKcia AND nrmta. 

imnRQ INSTALLATIONa. 
ULL AHD tAfTrOB.Y VOBlSa. 
BELLS, TELEPHONES, Bro. 
TESTINO ANB LOCALIZINO FAtJLTS. 



...Google 



ELECTRICAL 

MINING 

INSTALLATIONS 



By 

P. W. FREUDEMACHER 
' A.M.I.E.E. 



NEW YORK 

D. VAN NOSTRAND COMPANY 

2} MURRAY and 27 WARREN STREETS 

191I 






BcTLn ft TA^Nn 
SiLwooD Pkintino Wotk. 

FlQUB AlfD LoHDOK 



.-.^PTO: 



...Google 



PREFACE 

This valiiiue has been written especially for coUiery 
engineers and contractors engt^d in the installation 
of electrical plant for rnining purposes. 

The first chapter deals briefly with the elementary 
principles of electrical ei^ineeiing, special reference 
being made to alternate current working. Many 
readers wiU already have a sufficient knowledge of 
these principles and for them the volume will be a 
guide to the application of electric power for mining 
work. 

Beaders who are engineers but not essentially 
electrical engineers will find this opening chapter of 
service, and it is hoped that the notes on alternate 
current working will deal up the many abstruse 
points on this subject and give a working knowledge 
of the terms and quantities involved. 

The author has described various classes of plant 
for all mining purposes and has given formula and 
tables so that the necessary calculations in regard to 
power, outputs, etc. may be made. It is impossible 
to avoid mathematics altogether in a practical book 
for engineers ; but examples have been carefully 
prepared in order to show how the m<n<e elaborate 
calculations are to be accomplished. 

The last chapter on electric winding systems has 



vi PREFACE 

been included to complete the snbjeot opened ap in 
the previous ch&pter, and although the installation 
of a main winding engine is perh&ps a matter for 
experts in this particular branch, the volume would 
not hare been complete without reference to this 
matter. 

P. W. P. 
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GENERAL PRINCIPLES 

Thb use of electrio power for mining work repr»< 
aemta one of the greateat developments in the elec- 
trical industry during recent years. It is of course 
understood that electricity is utilized only as a means 
of trimsmitting power, which has to be generated 
in the first place, e.g. by burning coal and raising 
steam, ■which is turned into mechanical power by 
the steam engine, then converted into electrical 
power by means of the dynamo or electric generator, 
and back again into mechanical power for use at the 
various places where it is wanted. 

The power might, of course, be transmitted by 
means of compressed air, by hydraulic means, or 
in certain cases, by running steam pipes from a 
boiler to the spot where power is required and there 
installing a steam engine. Compared with the 
transmission of enei^ by this means, it must be 
admitted that electricity is more convenient and 



At first eight it would not, perhaps, appear to 
have any great advantage from an economic stand- 
point, mit the gradual development of the industry 
has f^own that electrical equipments must play a 
very important part in all up-to-date colliery instal- 
lations. 

With electric driving the generating plant can 
be installed in one central station (instead of being 
scattered as was generally the case before the advent 
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of elect.TS!!: <lrivnig) Bad boey the mtun Enritchboard 
power circuits can be run to plewes Ther© enei^ is 
reijuired for winding, hauling, pumping, ventOating, 
coal-cutting, lighting and other work. 

Electricity lends itself admirably to ease in dis- 
tribution, over wide and scattered areas, with the 
utmost economy, and at the same time, additions 
and extensions can be readily carried out. Taking 
everything into consideration it is obvious that this 
method of power transmission has great advantages 
for colliery purposes. 

In a few cases power may be provided by a supply 
authority, in bulk, but, more generally, each coUiery 
will have its own central power statioo to generate 
the electrical eneigy required. In most cases this 
latter course is Justified, for fuel is cheap, and power 
can thus be generated at a low cost. 

Before dealing with the matter of generating plant 
we will consider for a moment the question of choice 
of systems. Electrical energy for lighting and power 
purposes may be supplied as continuous or as aJter- 
nating current, the latter being sub-divided into 
sin^e- two- and three-phase current. The choice 
of the system to be adopted depends upon many 
circumstances, and can only be settled after fuU 



The continuous current system may be very suit- 
able for small installations, where the distances are 
not great, nor the conditions severe, and, in ^ 
probability, for a eniBil installation, continuous 
current will prove cheapest in the long run. 

For large installations, however, alternating-cur- 
rent working is almost a necessity, and in many 
cases, where the power station is situated at some 
distance from the shaft, or the workings extend to 
a considerable distance underground, it is necessary 
to work on the high-tension alternating-current 
system. It is customary to adopt a three-phase, 
lugh-tendon systmn in such casee ; two-phase is very 
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seldom aaed, and singla-phase is never considered 
for power work ol thia nature. 

It will be aa well to set out clearly the piinciplee 
o£ the various systoms and their relative advantt^es. 

Taking the continuous current system first, it is 
presumed that Ohm's law is familiar to all — 
I^C, or^ = R, orE=C.R. 

When E = Electro-Motive force or E.M.F. in volts. 

„ R =^ Resistance in ohms. 

„ C z= Current in amperes. 
Prom the third expression, E ::= CR, we can 
obtain the pressure lost in any conductor due to 



If, for example, we know that 110 yds, of 19/16 
cable has a resistance of -044 ohm, then, with a 
current of 60 amperes flowing, there Will be a loss of 
60 X -044 1=^ 2-64 volts. 

It is, of course, understood that the reeiatance of 
the total lei^h of cable must be taken, i.e. lead and 
return. 

Power in a continuous cmrrent system is repre- 
sented by the product of volts and amperes, E X C ^ 
Watts ; but in dealing with large vfJues it is more 
usual to talk of Kilowatts (K.W.), that is 1,000 watte. 
Since E X C = Watte or W. it follows that the 
energy lost in transmitting electricity through a 
conductor is given by the expression : Lost Volte X 
Amps., but since Lost Volte ^^ Resistance x Amps., 
the energy lost may be represented by the formula 
C X C X R or C^. 

From these calculations it will be seen that, in 
order to limit the lost volte, or " pressure drop " 
as it is more often called, and also to limit the energy 
or watt loss, it is necessary to provide a conductor 
ol ample size, especially when electricity has to 
be teansmitted over great distances. The alterna- 
tive ia to increase the voltage, and, by so doing, 
not only is the [sessure drop reduced in proportion 
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(because for a given power the amperes are reduced 
proportionately) but this pressure drop bears a still 
smaller ratio to the incTeased volt^e. 

Ah a matter of fact, the percentage pressure drop 
is improved in proportion to the squtue of the vol- 
tage, BO that, by doubling the voltage, our percentage 
pressure drop becomes only one-fourth, assuming 
the same amount of power to be transmitted throu^ 
a given conductor. 

Now on glancing for a moment at our formula 
for ene^yloss — C*R — it wiD benoted that, under the 
same conditions, our lost watts will only be one-fourth 
with twice the pressure. It will thus be seen that 
it is advisable to adopt as high a pressure as prac- 
ticable, consistent with safety and ease of working. 

Before going further it will be advisable to de6ne 
the limits of presBiue as fixed by the Home Office in 
connexion with the use of electricity in nuncs : 

(A) Low-pressure supply — ^where the conditionB 
of supply are such that the pressure at the terminals 
where the electricity is used, cannot exceed 230 volts. 

(jB) Mediiua pressure — ^where the conditions of 
supply are such that the pressure at the terminals 
where the electricity is used, between any two con- 
ductors, or between one conductor and earth, may 
at any time exceed 250, but cannot exceed 650 volts. 

{C) High'pressaro supply — ^where the conditions of 
supply are such that the pressure at the terminals 
where the electricity is used, between any two 
conductors, or between one conductor and earth, 
may at any time exceed 660 but cannot exceed 
3,000 volts. 

(D) Extra high-preasore supply — ^where the con- 
ditions of supply are such that the pressure at the 
terminals where the electricity is need, between any 
two conductors, or between one conductor and 
earth, may at any time exceed 3,000 volts. 

We will now take the case of an alternating current 
system, and, as three-phase is used almost exclusively. 
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we will confine ourselves practically to a conBideration 
of tluB system, although the remarks may be taken 
as generally applicable to Bingle-phase and two- 
phase systems of supply. 

As is well-known, single-phase alternating pressure, 
or current, may be represented by a sine curve 
(Pig. 1, A) from which it will he noticed that the 




Pia. 1, Altbbnatiho Peessork and Cubbent Cobvks. 



cturent, or pressure, starting from zero, increases 
to a maximmn, decreases to zero again, then reverses, 
increase to a maximum in the other direction, and 
again decreases to zero, this being termed a cycle 
or period, usually referred to as the frequency or 
periodicity, and expressed in so many cycles per 
second. 

The frequency is usually of Uie order of 25-60 
cycles per second, although, in special cases, it may 
be as low as 15 for railway work, or as hi^ as 100 
for lighting purposes in scattered districts. 

These special cases, however, do not concern us 
at present, and it may be taken that 60 cycles has 
practically been adopted as standard for lighting 
and power work, and 25 cycles as standard for 
extensive power supply only. 

The illustration. Fig. 1, B, shows the pressure or 
voltage curve for a single-phase supply in full, and 
the current curve in dotted lines ; further, the two 
curves are shown " in phase," that is to say the vol- 
tage and current curves both pass through the 
zero point, and both reach their maximum at the 



r 
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same time ; but it by no means follows that this is 
80 in all cases, as we shall see. 

The three-phase system may be described aa three 
Eongle-phaee systams, so arranged as to differ in 
phase as shown in Fig. 2 (A), while the two-phase 
system ia eqtiivalent to two single-phase systems ar- 
ranged to differ in phase as shown in Fig. 2 (£). 



^?«^ 




Fig. 2. Cusves 



" We will not enter into further detail here, in 
regard to these alternating current systems, which 
are again dealt with in the chapters on generating 
plant and transmission respectively. 

When speaking of continuous cmrent we assume 
that the pressure is the constant or maintained voltage 
between two conductors, or between one conductor 
and earth ; but in alternating current wco'k we have 
no such constant voltage, as the latter ia always 
varying between zero and a maximum, and alao 
constantly changing its direction or sign ; we have 
therefore no positive or negative conductor, since 
each conductor in turn is i^temately positive and 
negative. 

What then are we to understand by voltage in 
connexion with an alternating current supply ? 
If the twrninals of such a supply are connected to an 
electrostatic, or a hot wire voltmeter, previously 
calibrated for continuous current, we shall find that 
the instrument settles down to a reading which is 
an average of the pressure wave. Speaking more 
correctly, we may say that the value is the square 
root of the mean square of the vertical ordinatee 
representing pressure. This, however, need not 
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trouble the reader, because we shall always, in future, 
refer to the voltage of an alternating current supply 
in terms of " virtual " volts, that is, the average, 
or Toot-mean-equare volts, such as would be recorded 
on an electrostatic, hot wire or other properly 
cahbrated instrument. 

The same remarks hold good in reference to amperes 
in an alternating current circuit, and we shall hence- 
forth refer to " virtual " amperes such as would be 
recorded on a hot wire or other type of properly 
calibrated ammeter. 

It is, of coarse, obvious that we cannot measure 
alternating pressure or current on continuous cur- 
rent instruments of the moving-coil type, which 
are only suitable for current passing in a certain 
direction. Space cannot be spared to enable us 
to enter into this matter in greater detail, and readers 
desiring a more extensive knowledge of alternating 
currents in theory, will be able to obtain same from 
one or other of the special treatiaes on this subject. 

Here, we are only concerned with the practical 
application of electricity to mining purposes : but 
it will be as well, for the sake of tliose having little 
practical experience of alternating currents if we 
clear the ground somewhat as regaids the application 
of Ohm's law to alternating current work. 

We have seen that, in dealing with continuous 
currents, the relation between pressure, current, 
and resistance, is given by Ohm's law. This law 
also holds good for alternating currents, but is 
rather complicated by a factor known as " reactance," 
This reactanee is similar in effect to resistance, 
except that it does not necessarily involve a waste 
of energy, which always occurs when current passes 
through a resistance. 

In alternating current practice we have to take 
into account the combined efFect of resistance and 
reactance, and the combination is technically known 
M impedance, the value a( which is obtained by 
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taking the square root of the square of the reeistance, 
plus the s quare of the reacta nce, thus 
-i/Bes.* + React.* = impedaQce. 
With this modification, Ohm's law then becomes — 
E 
Viles.* + React.' = C, 

E ,^-. 

p — vRea" 4" React.* 

E ^ Cv Res.> + React.* 

It is imposBible to deal further, here, with tiie 
nature of reactance, but sufficient has been said to 
malie the expression clear, and the matter will be 
referred to again as occasion demands. Suffice it 
that in calou^ting the pressure drop in cables or 
transmission wires, the reactance will not, in ordinary 
cases, afiect the r^ult to any practical extent. 

Before leaving this part of tiie subject, a word 
must be said regarding power in alternating ouirent 
circuits. We already know that power in a con- 
tinuous current system is represented by the product 
of volts and amperes ; but this is not necessarily 
true in regard to alternating current work. 

Referring to the curves shown in Pig. 1 (B) it will 
be noted that the current and pressure are " in 
phase," that is to say they each pass through the 
zero line at the same instant, and the power may be 
obtained by multiplying the volts and amperes at 
any instant, and plotting another curve. If then 
an average be taken of this power curve, we shall 
obtain the true power, which is exactly tiie same en 
the product of the virtual volts and virtual amperes. 

The pressure and current curves will aJways be in 
phase as long as the external cirouit includes resist- 
ance only ; but, if reactance is present, the current 
curve win lag behind the pressure curve in point 
of time, and will be as shown in Fig. 3. In actual 

Eractice the pressure and current are never abso- 
itely in phase, and in the majority of cases, where 
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motors are running on the circuit, ^e current may 
lag very oonsiderably behind tiie preBsore. 

It is poaaible, andei certain circnmstances, that 
the current may lead in phase, but as this very 
Bcldom ocGors in practice we need not deal with the 
matter here. 




Referring again to Fig. 3, it we multiply the volts 
and amperea at any particular instant and plot a 
power curve we find that at times there exists a 
positive voltage and a negative current, or a positive 
current and a negative voltage, which means that 
at such times we have negative power, and the 
power curve will be as shown. If we take the averi^ 
of this curve,- and subtract the negative from the 
positive part, we shall find that the result is con- 
siderably less than the product of the virtual volts 
and amperes. 

We now have two expressions : — 

(a) The apparent watts obtained by multiplying 
the volts and amperea. 

(6) The true watts obtained from the curve. 

JB'rom these two expressions we obtain a now 
ratio, technically known as " power factor." 

T, , . Trdh Watts. 

Power factor ^ — j „, ■ ■ 

Appakbnt Watts. 
This qnantity is aometimea referred to as Coa. ^. 
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because it is also airived at by calculating the cosine 
of the angle of lag, generally knovn by the Greek 
letter tf,. 

It is obvious, from the above, that the power 
factor must always be lees than unity, and, as a 
matter of fact, the following average values may be 
assumed in actual practice :— 

Incandescent Lighting .... -96 

Mixed Lighting .... 

BynchronouB machinery . 

Well loikled large ioduclion motors 

Average loaded induction motors 

Ditto ditto with lighting 

Power factor is also sometimes referred to as a 
percentage, thus 85 per cent, power factor =; '95. 

It is evident from the foregoing that power in an 
alternating current system can be calculated from 
the expressioii : — 

Volts X Amperes X Power factor == Watta. 

This refers particularly to single-phase ; and the 
corresponding expressions for two-phase and three- 
phase working are as follows : — 

Two-pha86 ; — Volts X Amperes X Power factor x 
2 = Watts. 

Three-phase : — Volts x Amperes X Power factor 
Xv/3 = Watts. 

This matter is further dealt with in the chapter 
entitled "Transmission," to which the reader is 
referred for further particulars. 
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CHAPTER II 

GENERATING PLANT 

The source from which electrical energy has to bo 
obtained is the first important consideration. In 
many cases it so happens that electricity is supplied 
in a district by one of the modem electric power 
companies, which have sprung up in recent years. 
These concerns can often supply electricity in bulk, 
at such a price that it would not pay the colliery 
owner to generate on his own account and, iS suitable 
terms can be arranged, it may be good policy to take 
such supply in bulk instead of erecting a private 
generating station. 

Before deciding, many considerations will have 
to be taken into account, and the actual cost of 
electrical energy may not be the predominating 
factor. One great advantage should be the saving 
in capital expenditure, and the intravst and sinking 
fund charges thereon, as well as maintenance and 
supervision costs. 

In many parts of the country at present, no such 
bulk supply is available, and local colliery owners 
have no option but to purchase plant, and ^«ct 
their own generating station. It must be admitted 
that, in the majority of moderate and large installa- 
tions, this course is entirely warranted, because 
I^ant may be put down of a type best suited to the 
requirements of t^e case, and tiie generating costs 
(taking everything into consideration) thus reduced 
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to a figure which will compare favourably witti that 
chained by bulk BUpply authorities. 

Having decided that the colliety is to be equipped 
with its own electric generating station, we are 
confronted with an almost endless variety of systems 
and types of plant, suitable for the purpose. 

Fuel may be burnt under boilers, and steam gene- 
rated, for conversion into mechanical power by 
steam engines or steun turbines ; or, where the 
coal is of the coking variety, we can ranploy gas 
engines and utilize the coke oven gas. 

Large gas engines have not hitherto found favour 
in this country, although used extensively on the 
Continent, but there is now every indication that 
the adoption of suoh plants for colliery purposes 
is being seriously considered, and several plants 
have already been put down. 

It is a remarkable fact that, whereas, years Agq, 
colliery plants were worked on most uneconomical 
lines (so far as fuel consumption is concerned], at 
present great attention is given to this branch of 
the subject, and all the latest and most modern 
improvements adopted to reduce fuel consumption 
to a minimum. 

The older installations were worked at a low 
steam pressure, with a long range of steam pipes, 
together with inefficient engines and auxiliaries, 
but we now find the most up-to-date boilers, working 
at high pressure, with economizers, supeiiieatere, 
scientific^y-designed steam range, triple-expansion 
engines with low steam consumption, condensing 
plants, and electrically-driven auxiliaries ; all of 
which tend to reduce the fuel costs, per unit generated, 
to the lowest possible value. 

This is especially necessary when the coal is of 
good quality, and for which a high price cam be 
obtained in the market. On the other hand, some 
coal brought to the surface may be of very low 
m-ade, and here again we find that boiler furnaces 
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have been so improved, that, in cbnjnnctiba with 
forced draught, this class of fuel may be utilized 
for raiaing steam, instead of being consigned to the 
waste heap because it has no marhet value. 

Further, we notice that colliery installations now 
include the moat modem and up-to-date appliances 
in boilerhouse plant, e.g., mechanical stokers, coal 
and ash conveyora, and similar labour-saving devices, 
all designed to reduce operating costs. 

We need not enter into further detail in regard 
to the design of boilerhouse plant, as the question 
does not lie directly within the scope of this volume ; 
and the next matter to engage our attention is the 
engine, or prime mover. 

In regard to steam engines, present day tendency 
in colliery power stations is to emulate the example 
of the public supply authority, and adopt high- 
speed, vertical, encl(»ed raigines, or, in some cases, 
steam turbines. It has been proved that this class 
of engine is entirely suited to the somewhat trying 
couditione of collieiy service whilst their efficiency 
is high ; at the same time the small floor area occu- 
pied by these high-speed sets is a great advantage 
where space is limited. 

Colliery men in the past, however, could not get 
away from the class of engine to which they had been 
accustomed, viz., the slow speed, horizontal type, 
as used for winding, etc., and some of the earher 
iustallatiouB still include electric generators driven 
-by ropes or belts from such slow-speed horizontal 
engines. There is no doubt, however, that in nearly 
-all modem colliery power stations, the high-speed, 
enclosed, vertical engine has found its place, and 
proved eminently suitable for the work. 

Coming now to electric generating plant, one of 
two systems is generally employed, namely the 
continuous-current, or the three-phase alternating 
current system. 

The various power oompanies supplying electrical 
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enei^ in bulk in this country, have all adopted the 
high-tensioQ, altomating-current system, and this 
is practically the only one under 'which pover can 
be efficiently transmitted over great distances. If, 
then, it be decided to purchase electrical energy 
in bulk from such a source, the coaditiona of eup^y 
are fixed, although the pressure may be transformed 
down, to any suitable value, for distribution to 
motors, etc. Such a supply can also be converted 
into continuous current by means of rotary con- 
verters or motor-generators if necessary. 

In the event of a colliery company deciding to 
put down their own generating station, it is open 
for them to adopt continuous or alternating current 
supply, and this brings us to the question of the 
relative advantages of the two systems for mining 
work. 

This question has practically resolved itself in 
favoor of the three-phase alternating -current syBtem, 
although, as before stated, continuous current may 
suffice for small installations where the distances to 
be covered are comparatively small, and the conditions 
not severe. 

It is, perhaps, not surprising that the three-phase 
alternating-current system should have found such 
favour, because, in addition to the efficient distri- 
bution of enei^gy over great distances, and the ease 
with which the pressure may be transformed from 
high into low tension as requied, three-phase motors 
themselves possess several advantages over continuous- 
current machines. For instance, three-phase motors 
of the short-circuited rotor type, represent the 
simplest possible construction, having no commutator 
or rubbing contacts whatever, nor complicated 
starting gear. In fact, for small machines, no 
starting gear is required, other than the usual three- 
pole Bwitch, and such a machine will start, and run 
up to speed, with a current equal to about three times 
the normal. Then again, the cost is much less than 
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tiiat of a corresponding continaoua-cumnt motor 
with its attendant starting gear. 

Three-phase motois, witti wound rotors and alip 
tings, have advantages over continuoaa-current 
machines, in the absence of commntator and sparking 
troubles, and the constant attention necessary to 
keep a continaous-current machine in working order. 
Th^-phase machines are better mechaniceilly, and 
&ere is lese likelihood of breakdown ; consequently 
the ooBt of repairs and maintenance is mach smaller. 

One important point mnst not be overlooked, 
vis,., the f&e risk, which is a minimum with three- 
phase motors, owing to the absence of a commntator. 

Apart from motors, the three-phase altemating- 
cnrrent system has great advantages from the power 
distribution standpoint. For instance, a three- 
core, three-phase, armoured cable, down the shaft 
or in the roads, makes a mnch better Job than two 
continuous-current conductors, while the cost of 
such a cable, for a given pressure, is usually less. 

On the other hand, it must be admitted that, 
for a certain class of duty, continuous current has 
the advanti^, particularly in regard to traction by 
locomotives, in connexion with which continuous- 
current motors are practically indispensable, but as 
there has been little demand in this country for such 
service this argument carries little weight. 

Por a long time there seems to have been a deep- 
rooted objection to the use of three-phase motors 
for coal cutters, and at one period it was considered 
necessary to employ continuous-current machines 
for this work, but, with improvements in three-phase 
motors for this purpose, coal cutters are being adopted 
on alternating-current systems with complete success. 

It is unnecessary to enlarge upon continuous- 
current generating plant, except perhaps to add 
that machines ^ould be compound wound, to 
secure an increase in pressure between no load and 
full load. Continuous-current generators for mining 
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work should also be capable of witbatanding con- 
aiderable overloads without sparking or damage. 
Most firmfi manoiaotuTiDg thta claaa of plant now 
provide machines with interpoles, which automaticaUy 
compensate for armatora reaction, and enable tiie 
sets to withstand very con^erable overloads with- 
out sparking or need for altering the position of 
the brushes ; in many cases the position of the 
brushes is permanently fixed and no facilities are 
provided for adjustment after the machine has left 
the makers' works. 

The diagram, Fig. 4, shows internal connexions 




of a multipdar, compound wound, generator with 
interpoles. 

With regard to A.C. machines, these are usually 
of the stationary armature type, with revolving 
fields, the necessary excitation beii^ provided from 
some ext^nol source, as an alternator cannot be 
seU-exciting like a continuous-current machine. 

The exciter consists of a continuous-current gene- 
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rator of comparatively low voltage, often direct 
coupled to the alternator shaft, and driven by the 




tr Cenneelion with Nt 



Fia. 5. Connexions fob Thube-Phasb Windings. 

same engine, but continuous current from any suit- 
able external source can be employed for magnetizing 



18 ELECTRICAL MINING INSTALLATIONS 

the Tevolving field of the alternating current machine. 

As already explained, the armature windings of 
two-phase or three-phaee machinea really consist 
of two or three separate single-phase windings bo 
placed as to give a different phase rdation between 
the individual circuits as shown in Fig. 2. There 
are, however, two distinct methods of coupling up 
the windings for a three-phase supply, known tech- 
nically, as " star " and " mesh " (or delta, as the 
latter is sometimes called, because the arrangement 
takes the form of a triangle, the Greek letter " A "). 
Fig. 5 wiU make this clear. 

In referring to the voltage of a three-phase system, 
we always understand the pressure between lines, 
i.e. between a and h, a and c, or b and c, which are, or 
should be, equal. 

It will be obvious from the dif^ram that if each 
of the three single-phase windings gives a certain 
voltage, X, the pressure between the outgoing lines 
will depend upon the arrangement of connexions 
adopted. If X represent the voltage, and Y, the 
current, of each single-phaee winding, then the 
resultant voltage and current of the three-phase 
system wUl be as follows : — _ 

(o) Star comiexion ; Volts between lines =X X a^3 
Current in each line =■ Y. 

(6) Mesh connexion : Volts between lines =: X. 
Current in each line ^= Y x V5 

Thus the result, so far as power is concerned, is 
the same in each case, bat each method has its advan- 
tages or disadvantages, more particularly as regards 
external conditions. 

Three-phase motors may be connected, "star" 
OF " mesh," in the same way as alternators, and 
all such motors are provided with three terminals, 
to which corresponding lines of the three-phase 
sj^tem are connected. 

In mining practice it is customary to earth some 
'Kiint of the system, and with the " star " connected 
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alternator this is usually the centre or neutral 
point ; in " mesh " connected machinea it is usual 
to dispense with earth connexions but one oi othei 
of the junctions of the phases may be temporarily 
earthed for testing purposes as shown in the diagram. 

li the alternating-current generators wb also 
required to provide tiie power necessary for lightiiig 
it ia usual to adopt the " star " system of connexion 
and also to run out an additional conductor from a 
neutral point as shown in Fig. 5 C, in which caee the 
lighting load is connected between the neutral wire 
and each line, oare being taken to divide it uniformly 
between the three phases. With tius urangeonent (^ 
eonnezions the lighting pressure is only equal to 
that between the lines, divided by v'3 (1'73 approxi- 
mately) so tiiat, to asBunie a case, the pressure for 
motors may be 400 volts between the lines, and that 
for lighting, 230 volts between neutral and each line 
wire. 

It is not, of course, absolutdy necessary to balance 
the lighting on each phase, exactly, although this 
should be done as far as possible. In the event of 
unequal foaleuicing the out^-balance current returns 
through the neutral wire. 

In alternating-current generators we have another 
factor to deal with, namely "frequency," or "period- 
icity," recorded in cycles per second. As explained pre- 
viously, this frequency is usually 50 cycles per second 
for lighting, or for mixed lighting and general power 
work, and 26 cycles pet second for large power 
systems only. The frequency for any particular 
machine is given by the formuJa :■ — Number of para 
of poles X R,P.M. ~- 60. 

From this it will be seen that as the number of 
pairs of poles must be some whole number (without 
a fraction) we are limited to certain definite speeds 
in order to obttun standard frequencies. For in- 
stance, a 50 cycle generator for direct coupling to a 
high-speed engine must run at 300, 333, 37S, 128* 
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600, etc., revolutions per minute, and no intermediate 
speeds are poaaible. For the same reason, in a 26 
cycle generator the speeds are even more restricted, 
and we have to choose between 300, 376, 600, etc., 
revolutions per minute. 

There is one other point in regard to the output 
or capacity of altematlngH3urrent generators, which 
is perhaps not thoroughly understood and appreciated 
by all engineers. This is the power factor referred 
to in a previous chapter. 

We have already seen, that, provided there is no 
lag or phase difference between the pressure and 
current curves, the power in any three-phase alter- 
uatlng-cnrrent circuit is given by tiie expression : 
Volts X Amperes x a/S ^^ Watts, but when con- 
ditions are present which cause a lag or phase differ- 
ence, the power is less than it otherwise would have 
been, as shown by the espression : 

Voltfl X Amperes x v^S X Power factor = Watts. 

In any three-phase alternating-current generator, 
the voltage and current are fixed, and these, tegetiier 
with the speed, determine the size of the machine, 
but the actual output in true watts or kilowatte 
will depend upon external conditions, which must 
be known before the capacity of such a machine 
can be specified. 

In a previous chapter a table of probable power 
factor Viducs has been given for different classes of 
work. 

This question of power factor has another effect 
on the performance of the machine. All electric 
generators are subject to a decrease in pressure as 
the load increases, unless this is compensated for 
by a compound winding, or by interpolee, as on 
continuous-current machhies. No such satisfactory 
method has been found to yield similar results oa 
alternating-current machines, and we therefore 
have to face t^e fact tiiat the latter, working imder 
oonditaons of constant speed and excitaUon, have an 



GENERATING PLANT 21 

inherent tendency tovatds Ices in piewure as ttie 
load comes on. 

With machines supplying a lighting or non-inductive 
load, where there is no appreciable lag between 
pressure and current, and where the power factor is 
consequently equal to unity, this decrease in pressure, 
or " pressure drop," will be in the neighbourhood 
of 5 per cent, to 7 per cent., but the same mafihiue 
supplying an inductive load, with a power factor of 
say, -8, will have a corresponding pressure drop of 
the order of 14 per cent, to 20 per cent. The esaot 
value will depend entirely upon the characteristic 
of the machine in question. 

In giving these figures for pressure drop it is of- 
course assumed that the speed and excitation remain 
constant, for it is obvious that the pressure may be 
varied by altering the excitation, and, in practice, 
the excitation would be altered by means of the 
field regulating resistance, to compensate for the 
fall in pressure. By this means the pressure can 
be maintained constant, provided that some one is in 
attendance, to adjust the field regulating resistance 
to suit the requirements of the load. 

Various automatic devices have been brou^t 
out from time to time, for automatically varying the 
excitation to keep the pressure constant under all 
conditions. 

The power required to drive any electric generator 
when the output in kilowatts is known, is given by 
the formula : — 

B.H.P. = ^*?^Efficiency. 

When the efficiency is expressed as percentage, we 
divide it by 100. For instance, if we require to 
know the power necessary to drive a 100 k.w. (that 
is 100 X 1000 watts) generator having an efficiency 
of 89*6 per cent, at Ml load, we obtain : — 
100,000 Watts ^ 89-S_,pa^ HTTP 

746 ■ m" ^ ^'-''''S^'' - 



■^^ 
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I From this it wUl be seen that the horse-powor rfr- 
quired, is equal to about IJ times the kilowatt 
capacity of the machine, and this approximate 
rule will often prove useful, but it must be remem- 
bered that the horse-power will be greater, in the 
case of small machines of low efficiency, and less 
with large machines having a higher efficiency. 

In comiexioa with alternating-current generators, 
we often come across the expression K.V.A. or kilo- 
volt-amperes, i.e., the product of volts and lunperee, 
divided by 1,000, or in other words the apparent 
kilowatts. Prom what has already been said it 
follows that, by multiplying together the apparent 
kilowatts and the power factor, we obtain the true 
Idlowatts, and it must be mentioned that, when 
calculating the horse-power required to drive a 
generator, we must always take the true and not the 
apparent kilowatts or k.v.a. output. 

Machines are often referred to in terms of their 
k.T.a. capacity, and this fixes the size of the machine, 
but at the same time conveys no idea of the true 
output in kilowatts in any particular case, or the 
power required to drive, unless we know the power 
factor of the circuit which the machine has to supply ; 
obviously the machine will require maximum power 
to drive it when the power factor is highest, viz., 
1-0, in which case the kilowatt output is equal to 
the k.v.a. 
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GENERATING STATION SWTTOHGEAR 

M0OH might be written on the subject of genemtiug 
station switohgear for mining installations, but vo 
must confine ourselves to general principles and give 
details only so far as they lie within the scope of 
this manuaL 

In the first place special conditions have to be 
complied with in the Home Office rules, the salient 
features being embodied in the following abstract. 

" There shall be a passf^e-way in front of the 
switchboard of not less than 3 ft. in width, and if 
there are any connexions at the back of the switch- 
board, any passage-way behind the switchboard 
shall not be less than 3 ft. clear. This space shall 
not be utilized as a store-room, or a lumber-room, or 
obstructed in any manner by resistance frames, 
meters, or otherwise. If space is required for resist- 
ance frames or other electrical apparatus behind 
the boiud, the passage-way must be widened accord- 
ingly. No cable shall cross the passage-way at the 
back of the board except below the floor, or at a 
he^t of not leas than 7 ft. above the floor. 

" The space at the switchboards shall be properly 
floored, accessible from each end, and, except in 
the case of low pressure switchboards, must be kept 
locked, but the lock must allow of the door beii^ 
opened from the inside without use of a key. The 
floor at the back shtdl be incombustible, fiim, and 



24 ELECTRICAL MININO INSTALLATIONS 

" Every generator shall be provided -with a switch 
on each pole, between the generator and the busbars. 

" Where continuous-current generators are paralleled 
reverse current cutouts shall be provided. 

" Suitable instrumente shall be provided for 
measuring the current and pressure of each generator. 

"Every feeder circuit ^all at its origin be pro- 
vided vitb an ammeter. 

" If the transmission lines from the generating 
station to the pit are overhead there shall be lightning 
arresters in connexion with the feeder circuits. 

"Automatic cutouts must be so arranged that, 
when the contact lever opens outwards, no danger 
exists of striking, the head of the attendant. If! 
unenclosed fuses are used they must be placed within 
2 ft. of the floor, or be otherwise suitably protected.. 

" Where the supply is at a pressure exceeding the- 
limits of medium pressure, there shall be no live 
metal work on the front of the main switchboard 
■within 8 ft, of the floor or platform, and the space 
provided under Eule 2 of this section shall be not 
less than 4 ft. in the clear. Insulating floors or 
mats shall be provided for medium pressure boards 
where hve metal work is on the front or back. 

" AU terminals and live metal on machines over 
medium pressure above ground, and over low pressure 
under ground, shall, where practicable, be protected 
with insulating covers, or with metal covers con- 
nected to earth. 

" The insulation of every complete cireuit, other 
than telephone or signal vrires, used for the supply 
of energy, including all machinery, apparatus, and 
devices forming part of, or in connexion with such 
circuit, shall be so maintained that the leakage 
current shall, so far as is reasonably practicable, 
not exceed toVq o^ ^be maximum supply current 
and suitable means shall be provided for the imme- 
diate localization of leak(^. 

"In every completely insulated circuit, earth or 
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fault detectors shall be kept connected up, in every 
generating and transforming station, to shov, imme- 
diately, any defect in the insulation of the system. 
The readings of these instrumenta shaU be recorded 
daily in a liMok kept at the generating or transfonning 
station, or svitch-house. 

"Main and distribution switch luid fuse boards 
most be of incombustible insulating material, such 
as marble or slate, free from metallic veanB, and 
be fixed in as dry a situation as practicable. 

"Every sub-circuit must be protected by a fuse 
on each pole. Every circuit carrying more than 5 
amperes up to 125 volts or 3 amperes at any pressure 
above 126 volts must be protected in one of the 
following alternative methods : — 

(a) By an automatic maximuni cutout on each 
pole. 

(5) By a detachable fuse on each pole, constructed 
in such manner that it can be removed 
from a live circuit with the TniniTniiTu risk of 
shock. 

(c) By a switch and fuse on each pole." 

Dealing, first with continuous-current boards 
it will be seen that the pressure would in practically 
all cases lie between 260 and 660 volts, such installa- 
tions coming under the heading of medium pressure 
supply. 

IHg. 6 is a typical diagram of connexions of a 
oontuiuous-current generating station switchboard, 
with two or more compound-wound generators and 
aeveral feeder circuita. Such boards are usuaUy 
constructed of plain or enamelled slate, in a wrought- 
iron frame, with the switching appatatus and instru- 
ments mounted on the front of the panels, the back 
■of the board being utilized for busl^ra, connexions, 
instrument shunts, regulating resistances, etc. Owing 
to the simple, nature of the general lay-out, and 
«onstmction, an illustration showing tiie details 
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of cfrntinuouB-current boards is oimeceasaiy, the 
general featnies of such being familiar to all. 

The apparattiB on the panels of a typical Bwltch- 
board controlling shnnt-wonnd generators may be 
detuled as follows : — 
Each Oenerator Pand contains — 
One amperemeter, preferably dead-beat, moving- 
coil pattern. 




Fia. G. Diagram c 



One single-pole, overload and reverse current 
automatic circuit breaker on positive pole. 
One single-pole switch on negative pole. 
One single-pole fuse on negative pole. 
One shunt field regulatlog rheostat. 
One field-breaking switeh and non-inductive 

resistance. 
One set of paralleling sockets and ping. 
Common to all generator panels there should be 
a main busbar voltmeter (usually mounted over 
the oemtre of the complete boud) ; also one paralkding 
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voltmeter which can be connected to the paralleling 
sockets, so that the voltage of the incoming machine 
may be adjusted before switching it into parallel 
with the running machine. Sometimes this paiallel- 
ing voltmeter is mounted on a Hwinging bracket, 
at one end of the board, ao as to be distinctly visible 
to the switobboaid attendant. 

Each Feeder Panel contains — 

One amperemeter, preferably of the dead-beat, 

moving-coil type. 
One double-pole switch. 
Two aingle-pole fuses. 

Thia is, perhaps, the simplest possible form of 
board, and there is practically no end to the elabora- 
tion and refinemraits that could be added if desired. 
For instance, double-pole circuit breakers are some- 
times placed on the generator panels aa shown in 
Pig, 6 with or without switches, but, as most double- 
pole circuit breakers can also be used as main switches, 
especially if they are of the loose handle type, and 
oannot be held on in the event of a persistent faiilt, 
there is no advantage gained by using switehes in 
addition. 

With compound wound machines equalizing switches 
will be necessary, and these usually t^e the form 
of a single-pole switeh, placed on the board, in 
which case an ei^ualizing busbar will have to be 
provided ; or the equtdizing switches may be placed 
on the machines themselves. It will be at once 
apparent from the diagram that there is a great 
saving of cable in adopting this latter method, and, 
as the equalizing cable is of substantial section there 
wOI be a considerable saving in cost. 

Coming now to three-phase alternating current 
switcbgear, we have boi^ds for medium pressure, 
where the voltage lies between 250 and 6W volts ; 
and aUo boards for high-pressure, where the voltage 
exceeds the latter figure but does not exceed 3,000 
volts. 
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The following rranarks will also apply geneially to 
extra high pressure switchgear, but such schemes 
are rarely necessary for mining installations and 
we need not specially consider them. 

Kg. 7 is a typical diagram of connexions for 
a three-phase generating station switchboard, and 
will apply generally to both medium and high- 



pressure installations. The apparatus on the various 
panels may be detailed as foUows : — 
Eq^ Oeneralor Paiid corOaina — 

One triple-pole oil break switch, fitted with 

alternating ciurrent instantaneous overload 

trip coils in two phases. 

Two current transformers for operating trip coils. 

One amperemeter (probably operated from one 

of the above transformers). 
One main field regulating rheostat for ^temator. 
The necessary synchronizing plugs and sookets. 
Each Exciter Pond, containa — 
One double-pole switch. 
Two single-pole fuses. t..<,)oyk . 
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Oae exciter amperemeter. 
One shunt regulating rheostat. 
Bach Feeder Panel contains — 

One triple-pole, oil break switch, fitted witii 
alternating-current inataotaneons OTerlood trip 
coils in two phases. 
Two current transformers for operating trip coils. 
One amperemeter {probably operated from one 
of the above transformers). 
A main busbar voltmeter will also be necessary, 
and may be placed over the centre of the board. 
In addition, a paralleling or synchronizingjvoltmeter 
will be required, this being connected to the synchron- 
izing busbars as shown. 

For important boards a synchronizer might also 
be fitted, suob an instrument showing at a glance 
whether the incoming machine is running too fast 
or too slow. This apparatus is not, however, abso- 
lut^y necessary, and is often omitted. In any case 
it is usual to have synchronizing lamps, so that the 
engine driver, and switchboard attendant, can tell 
when the incoming machine is in phase with those 
already running. 

The triple-pole oil break switoh should preferably 
have a free handle attachment, so that it is impos- 
sible for any one to hold this on while a persistent 
fault exists. The switehes referred to above have 
two trip coils, but obviously one, two, or three 
trip coils ^can be fitted as required. The general rule 
is to use" two ; this arrangement gives protection 
against overioad in all three phases, because the 
current in the unprotected phase cannot build up 
vrithout also increasing the current in the other two. 
When generators are supplying a lighting syst^n, 
with a neutral conductor, or when the neutral is 
permanently earthed, it is preferable to fit three 
trip coils on the main generating-station feeder 
switches. 
Attemating-omrent, instantaneous trip coUb, are 
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in series with the cirotiit they are required to protect, 
and may be direct connected in the case of a medium 
pressure board, but it is more usual to employ series 
transformers. Such transformers are absolutely neces- 
sary in the case of high pressure boards, in order to 
eliminate all high pressure parts from the front of 
the panels, and they are often employed for medium 
pressure boards, partly because it enables better 
arrangement of the main current busbars and con- 
nexioos behind the panels. 

The same remarrks apply to the amperemeters, 
which may be operated from one of the trip coil 
transformers if desired, although, for various reasons, 
it is sometimes preferable to instal independent 
transformers for the purpose. 

Voltmeters will, in the case of medium pressure 
boards, be connected across the main busbars, but 
for high pressure boards potential transformers 
wiU be necessary ; all instruments on the face of 
tiie'board operating on low-tension current. 

A main field-regulating resistance has been men- 
tioned for the alternator, and a shunt r^;ulating 
resistance for the exciter fields, but here, again, 
one or other regulator may be employed alone, 
unless it is required to utilize the exciter circuit for 
other purposes such as hghting, in which case both 
will be necessary. 

Since the general construction of the three-phase 
board is quite special, and very different from that 
of a continuous-current board, it will be as well 
to illustrate the arruigement, and Fig. 8 repre- 
sents a section through a typical generator panel ; 
it must however be understood that arrangements 
differ very widely, according to local requirements, 
and the space available. 

The panels for three-phase boards are usually 
of polished white marble, mounted in an iron frame, 
xad it will be seen from the illustration that con- 
eiderablo depth is nece^ary to accommodate the 
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Apparatns. The illustratioii applies more paitiou- 
h^ly to ft high-preBBure board of 'which the panels 
contain low-tension apparatus only, eeiiea and pres- 
sure tionsformera being employed in all oases, and 
placed in fire-proof compartmente, so that, in the 
event of any accident arising, the switchboard 
attendant may be quite safe, and the daniage con- 
fined to one particular complement. 



Fio. 8. Secitok Thbouoh TasEE-PaAeB Bwitchboard. 

It will be noticed that a passage way is provided 
between the board, and the compartments at the 
back, containing the high-t«nsion apparatus ; access 
to this passage way being obtained throu^ doors 
at one or both ends, and, according to r^g;ulat{on, 
the doors must be fitted with looks which can only 
be op^ied with a key from the outside, but ore 
negotiable from the inside, 'without a key. 
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On high-tenMon boards it is also necessary to 
fit isolating or section switches. These usually 
take the form of copper links, and are not required 
to break a current, which ^ould always be first 
dealt with on the oil switch ; they are merely to 
isolate any particular portion of the board, so that 
alterations, repairs, cleaning, or inspection, may be 
carried out without risk or shock. In some cases 
isolating switches are so interlocked with the doors 
leading to the chambers or compartments that access 
to these compartments cannot be obtained until 
the isolating switch has been opened, and conversely, 
that the isolating switches cannot be replaced until 
the compartment is again closed. 

Nothing has been said about fuses for three-phase 
alternating current boards, and, as a matter of fact, 
it is not usual to fit them on generating station 
panels, except, peihaps, on hghting and small feeder 
circuits, while for high pressure boards, fuses of any 
kind are rigidly avoided. 

It can easily be shown that a fuse does not give 
the required protection for three-phase work, whOe 
at the same time, the coat of fuses is equivalent to 
that of automatic trip coils fitted to the main oil 
switches. Inthefirstplaceafuse cannot be depended 
upon to operate with absolute certainty at any pre- 
determined current value, and, further, it can only 
operate to the accompaniment of more or less noise, 
smoke, and Bashing, often dam^;ing surrounding fit- 
tings, and causing a disturbance genen^y. !Fuither, 
it cannot be replaced as quickly as an automatic 
oil switch, and it is necessary to stock replacements 
to suit every type and capacity of fuse fitted. 

In addition to these disabilities, a fuse may only 
blow on one or two poles, and maintain the preorare 
on purt of the system when it should be discon- 
nected, whereas an automatic oil switch, fitted with 
one, two, or three trip coils, opens all phases instantly 
when the current reaches a predetermined value, and 
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what is more important, currrait is always inter- 
rupted by an oil switch as it passes through zero, 
thereby minimizing the poHsifiility of dfuigerous 
pressure rises, and lessening the resultant strain 
upon machinery, cables, etc. 

Automatic tnp coils on the oil switch are capable 
oi adjustment, so that the switch can bo temporarily 
under or overset if required, without interfering 
with the supply. 

The above remarks apply generally to the employ- 
ment of fuses on all tlmte-phase btutrds, but in the 
case of high-tension service it is very difBoult to 
design a satisfactory high-tension fuse that will 
fulfil the requirements, and operate with safety. 

So far we have only considered the use of plain 
alternating-current instantaneous-overload trip coils 
for oil switches, but it may, in certain cases, be advis- 
able to operate the trip coK through a relay of the 
time limit overload or reverse-current pattern. 
Time-limit overload relays may be designed to 
open very quickly on heavy overloads, but maintain 
a supply in the case of moderate overloads, the tune 
varying inversely as the magnitude of the overload 
on the system. Reverse current relays are designed 
to trip ^e oil switch in the event of a current, or 
more correctly speaking, power reversal. 

The Home Office rules insist on reverse current 
cutouts being provided where continuous-current 
goierators are paralleled, but such cutouts or relays, 
working in conjunction with trip coils on the auto- 
mata switches, are often provided In connexion 
with three-phase generators running in parallel, 
the relays being used singly, or in conjunction with 
instantaneous or time-limit overload relays. 

It is unnecessary to enter into a detailed descrip- 
tion of these relays, suffice it that they are usually 
operated from series pressure transformers, and 
provided with relay contacts, so that it is only neces- 
sary to fit the oil switches with one trip coil in the 
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relay circuit, this being energized by any of the relays 
and actuating the switch in the event of an overload 
or reverse current. 

Time limit relays are often fitt«d to the outgoing 
feeder circuits, and a switchboard so arranged ia in 
accordance with the best modem practice. 

On three-phase alternating-current switchboards 
we sometimes find power factor indicators, idle 
current amperemeters, and frequency meters, but 
these instruments are not absolutely necessary for 
the general run of mining installations, and 
they represent refinementa which can be safely 
omitted. 

In regard to both continuous-current and alter- 
nating-curront switchboards, integrating watt-hour- 
roeters will probably be considered necessary to 
measure the output. In an important installation 
such wattmeters may be placed on each generator 
or feeder panel, but in other caaes, wattmeters in the 
main busbars, between generator and feeder panels, 
which thus record the total output of the station, 
will be all that is necessary. 

As there is a great deal of misunderstanding about 
types of wattmeters, it should be noted tiiat an inte- 
grating watt^hour-meter is an instrument similar to 
a house service meter, which measures the toted energy 
passed through it. An indicating wattmeter would 
merely indicate the watts passing at any given mo- 
ment, while a recording wattmeter, like a recordii^ 
voltmeter or amperemeter, gives a continuous record 
in the form of an ink line on a paper chart, showii^ 
the actual value of the watts in the circuit over a 
period. Obviously by integrating this curve we 
obtain watt hours, such as would be measured by an 
integrating watt-hour-meter. 

Other recording instruments may also be employed 
in special cases, such as recording amperemeters and 
voltmetera, the latter being especially useful as a 
"heck on the station superintendent, since it shows 
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haw the pressme haa been maintained, and hov far it 
has been allowed to deviate from normal. 

The Home Office rules in connexion with all mining 
electrioal installations insist that the leakage cnrretit 
Bhall be kept within specified limits and due provision 
mnst be made for measuring the actual leak^e 
current, which must not, under any circumstances, 
exceed one-thousandth of the maximum supply 
current ; further means most be provided for immedi- 
ately locdizing any undue leakage. 

Several types of leakage indicators have bewi 
designed to fulfil the required conditions, and the 
foUowing particnlara regarding one or two of the 
beet^known types will show ^e general principles 
involved. 

A leakage indicator by Mcsots. Nalder Bros. & 
Thompson, for use in connexion with oontinnous- 
current circuits, having both mains insulated, is 
shown in Fig. 9. With this device a high resistance, 
of notlessthan 200,000 ohms, is connected across the 
mains, imd the instrument, of moving coil type, ia 




Fig, 8. CoNTiHiTonB-CoBBj:NT Leakage Imdioaxok. 



connected between the mid point of this reastonoe, 
through the switch, to earth, as shown in the diagram. 
With the switch in its normal position the instrument 
acta as an indicator of the condition of the mains ; 
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if ihe pointer rests in the centre of the scale it indi- 
oatea equality in the insulation resistance of the mains ; 
a deflection to right, or left, indicates faulty insulation 
of the n^atiTe or positive main respectively. 

A 2-vay switch is also supplied, and, in order to 
determine the exact value of the insulation resistance, 
this is turned to the right, and then to the left, the 
deflection being noted in each case ; from these 
observations the insulation iicaistance of both mains, 
and also the leakage-cunent to earth may be oalcuIat«d, 
but in order to eliminate the necessity for these 
calculations, a table of values is supplied with the 
instrument, from which the insulation resistance of 
both mains, and the current to earth in milliamperes, 
can be read off at a glance. The switch can only be 
left in the centre position, and, consequently, there 
is no likelihood of the main being left connected to 
earth through a relatively low resistance. 

It is quite easy to provide this leakage indicator 
with an alarm arrangement, so that when the euiii 
current exceeds the lunit allowed by the Home Office 
rules, a bell is caused to ring in the station, thereby 
calling attention to the fact. 

Por altematmg current work the same makers 
have designed a leak^e indicator suitable for use 
where the neutral point is earthed and also on a mesh- 
connected three-phase system. 

The principle made use of in this instrument is that 
of super-imposing a small continuous current on the 
alternating system. This continuous current is 
measured by means of a permanent magnet moving 
coil instrument, whioh'is unaffected by alternating 
currents. 

' A source of direct current may be either a primary 
or secondary battery, small generator, or the exciter 
of the alternating current generator, but, generally 
speakmg, a dry battery of about 50 volte is recom- 
mended. The moving coil instrument is so cali- 
brated withthe low-voltege battery, or other source 
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of ^ontinnoue cnrrent, as to indicate directly, in 
olmiB, the insidation redatance ^between the system 
and earth. 

In addition to the scales of ohms, the dial of the 
instrument has also 'a scale of amperes marked on 
it. Theaotnal leakage current is never great«r than 
the number of amperes shown by the instrument, 
although, under certain conditions, it may be less. 

In the event of the insulation leaiatance of the 
system falling below Home Office requirements, a fuse 
is blown and closes a local boll circuit, thus calling 
attention to the fault. 

The digram, Fig. 10 (a), shows the general arrange- 




Fio. 10. DiAQKAU roR TmiEE-PiuaE Leakage IHD1CAIOU9 



T 



38 ELECTRICAL MINING INSTALLATIONS 

ment lor completely insulated three-phase oinmits 
from vhich it will be QOted that a large inductive 
reeiBtoQce / ie inserted in series with the ammeter ; 
this prevents the flow of any appreciable alternating 
current to eaith through the instrument. Thia 
resistance / takes the form of a choking coil, enclosed 
in an iron case, and provided with specially insulated 
terminals, bo as to be suitable for connecting to a high 
tension circuit if necessary. 

Pig 10 (6) shows the arrangement for circoits with 
earthed neutrals, and it will be noticed that the instru- 
ment is inserted between the neutral connexion and 
earth, the resistance of instrument, fuse, and battery 
being only about 5 ohms, or if the exciter is employed 
only about 1 ohm ; consequently, the earthing of the 
neutral is in no way impaired. To prevent the 
neutral wire being entirely disconnected from earth 
when the fuse blows, a resistance R is connected in 
parallel with it, Just large enough to prevent the 
current through the instrument, due to a leikk, doing 
any damage. 

The advant^e of the above apparatus lies in the 
fact that the earth current is never greater than the 
reading shown on the instrument, and, further, 
capacity currents do not affect the indicators in any 
way. 

When a fault has been indicated by the alarm bell, 
locflliaation may be carried out with an ordinary 
insulation testing set. 
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CHAPTER IV 

TRAN8MISSI0H 

Thb Thole question of the transmission of electrioal 
energy is most important, in fact, the cost of trans- 
missifxi is often the determining factor, in deciding 
upon the best system for any particular installation. 

It is assumed that the general principles goveming 
the selection of any particular system, are more or 
less understood, but the limitations may be briefly 
stated as follows : — 

Continuous current, at 220 volts, for lighting in 
compact districts. 

Continuous current at 400 to 600 volts for mixed 
lighting and power work in a more extended district, 
the lighting being arranged on the three-wire system. 

Continuous current at 400 to 600 volts for motora 
only, in an extended dtatriot, aasuining that the 
distances are not excessive. 

Thre^phase supply, at 400 to 600 volte would be 
adopted under the same conditions as the last named, 
but there may, of course, be other circumstances in 
favour of three-phase supply. This matter is gone 
into more fully in Chapter I. 

Three-phase supply, at 2,200 to 3,300 vdte, would 
be used where the enei^ bad to be transmitted a 
considerable distance, say 2 to 8 miles. 

Three-phase supply, at 5,000 volts, and upwards, 
would be used for long distuice transmission. 

Any lighting that may be required on the three- 
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phase aystem is easily provided for hj installing a 
transformer to give tie required pressure. 

In the case of three-phase supply, a periodicity of 
50 cycles will probably be chosen for a mixed lifting 
and power load, but for long distance transmission, 
with power load only, a periodicity of 26 cycles will 
have Home advantages. 

For short distance transmission insulated cables 
laid underground wiU probably be used ; but where 
it is practicable to adopt overhead oonductorB, the 
ooBt will be considerably lower, especially for long 
distances. The method of calculating the size of 
conductor required, will be mnob tbe same, which- 
ever system is used. 

The size of the conductors will depend upon : — ^ 

(a) The current to be transmitted. 

(6) The permissible voltage drop. 

(c) The permissible current density. 

The current to be transmitted, is, of course, deter- 
mined by the power required, the particular system 
to be adopted, and the voltage. 

The permissible voltage drop depends upon circum- 
stances, but its usual v^ue is of the order of 2J per 
cent, for lighting, and 5 per cent, for power, except for 
long distances, when the drop may be 10 per cent,, or 
even 15 per cent, for very long lines, of, say, 20 miles 
or more. The voltage drop is a function of the current 
transmitted, the size of oonductor, and the distance. 

The permissible current density is usually calcu- 
lated on the basis of 1,000 amperes per square inch ; 
under the more scientific reckoning of the Institu- 
tion of Electrical Engineers the values vary for differ- 
ent size cables, as shown in the accompanying table. 
This current density only applies to insulated oon- 
ductorB and no such limitations are imposed on bare 
overhead wires, of which the size usually depends 
upon the permissible voltage drop. 

Strictly speaking, there is another factor to be 
considered. So far we have only taken the teohnioal 
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points into account, but it is evident that commercial 
considerations are equally important. For instance, 
although we may save money by employing a con- 
ductor of small aize, the enei^ loss will be relatively 
great, and this costs money to produce, so that we 
may be saTing on prime cost and losing on working 
costs. 

In 1881 Kelvin investigated with a view to dis- 
oovering under what conditions both- the value of the 
line and that of the energy lost in transmission were 
reflpectively a minimum. The result is embodied in 
the [following formula, known as "Kelvin's 
Law." 

" The cost, per annum, of the line losses, must be 
equal to the annual interest, and the depreciation of 
the line." 

We oui here only briefly stat« the law, but it has 
been found, by experience, that it is only in connexion 
with lai^ and important schemes that it is necessary 
to apply it in practice. 

To take a genertd example of the procedure in 
determining ttie size of conductor for continuous 
current transmisBion, assuming the power to be trans- 
mitted, the voltage, and the distance, to be known. 
The maximum current is first obtained, by dividing 
the power in watts, required at the far end of the line, 
by the volt^e at that end. In the case of an insu- 
lated conductor this will usually suffice, by reason of 
the current density, but, after selecting the required 
size of cable from the makers' list, it will be as Well to 
again check the size by multiplying the total resistance 
(lead and return) by the current, to ensure that the 
pressure drop is not excessive. If the pressure drop 
is too great, a. larger cable must be employed. It wiU 
not, however, be possible to adopt a smaller cable if 
the pressure drop is found to be small, for the mini- 
mum size has already been fixed by the permissible 
current density. 

In the case of an overiiead bare conductor, the 
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usual plan is to fiist settle the permissible pteBsaie 
drop, then, dividing this by the eurrent,we obtain the 
total resistance of the conductor required. )^th this 
information the size can noT be easUy chosen from 
the table. This conductor can in all jnY>bability be 
employed provided that the current density is not 
excessive, in which case there will be danger of the 
wire overheating. Current densities up to 3,000 
amperes per square inch may be used for bare, and 
about 2,000 amperes per square inch for braided, 
aerial wires, and these values will be found to cover 
nearly all cases in practice. 

There is one other point to remember in connexion 
with overhead wires, viz., that a No. 8 S.W.G. is 
the smallest permisBible single conductor from a 
mechanical standpoint. 

For a three-phase transmission system we proceed 
in a similar manner. If the conductor be insulated, 
and ite size consequently fixed by the ouirent density, 
we first obtain the current per phase by dividing the 
apparent watts by the voltage, and the quotient by 
VS ; allow 1,000 amperes per square inch, or, in the 
case of lai^ cables, calculate the area on the basis 
established by the Institution of Electrical Engineers. 

It will be noted that the size of conductor is based 
on the apparent watts and not on the true watts ; 
i.e., due ^owance must be made for the power factor 
when determining the sizes of cables. The reason 
will be apparent on referring to the general 
principles of three-phase working, in the first chapter. 

It will be necessary to check the size thus obtained, 
to see that the drop in pressure is not excessive. This 
is done by taking the resistance of the particular con- 
ductor or cable from the annexed table, or from the 
makers' fist, and multiplying by the current per phase. 
The resistance must be that of a single line, and the 
fall in pressing, given by the formula, will then be the 
volts lost along that line. In order to find the drop in 
volts between Unes (this being the usutd way of measur- 
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ing three-phase alternating pressure) the result moat 
be multiplied by V3. 

In the ease of an overhead three-phase transmission 
line, with bare oonductors, where the size is mostly 
settled by the permissible pressure drop, we proceed 
in the same way as for continuous current, not for- 
getting the factor VS. For convenience in osculation 
the Author has prepared the following formula, which 
will give the correct size of conductor, in a three-phase 
transmission scheme at once when the distance, 
current, and permissible voltage drop are known, 

t \7- i>v =Sectional area of each oonductw in square 

inches. 

Where L = distance in thousands of yards. 

Where C = current per phase. 

Where LV = the permissible lost volts or pressure 
drop. 

It is, of course, probable that there will not be a 
standard size of cable to fit in exactly with the result, 
and the nearest standard size must be adopted. It 
would be advisable to again check the resiUt, if the 
cable differs much from the value required, and this is 
best done by taking the actual resistance from the list 
or table, multiplying by the current per phase, and 
by Vs when the result should not differ much from t^e 
pressure drop allowed for in the first formula. 

As a lai^ number of British coUieriea are now using 
bare overhead mains supported on poles it will not be 
out of place to give a few general particulars of this 
system, before proceeding to a consideration of insu- 
lated cables for surface and underground use. 

In the first place, the vrires or conductors should be 
of hard-drawn high conductivity copper. This is 
necessary on account of mechanical strength. Alu- 
minium conductors are employed in a few instances, 
but this metal has several d^advantages compared 
vith copper, although, when the market price of copper 
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jB high, allninimum vUl shov Bome advantage in 
first cost. 

It ia common practice to use bare copper wires, hut, 
in Bome instances, conductors covered with a single, 
double, or triple layer of braid, served with a special 
weather-resisting compound, are used. Such a con- 
ductor may consist of a single wire or be made up into 
a strand of seven, nineteen, thirty-seven wires, etc., 
acording to the capacity required. It must be under- 
stood that the braiding, and serving of compound, ^e 
not relied upon for insulating purposes, but merely as 
a protection against chemical fumes or the weaUier. 

Bare conductors are more usually solid, and not 
stranded. The size of any one conductor may be 
anything from No. 8 S.W.G. up to No. 000 8.W.G., 
the latter being as large as is convenient to handle. 
If a still larger capacity be required, two or more 
single conductors of the requisite size may be run in 
parallel on the same poles. 

If the capacity required be considerable, say 200 
amperes ormore,astrandod cable of the necessary area 
may be used. It is obviously impossible to support 
such a cable on poles the usual distance apart, and 
in such cases, the cable may be made up of soft copper 
strand, for convenience in handling, and slung, at 
frequent intervals, from a steel suspension wire, by 
suitable suspenders, the suspension wire being carried 
on insulators in the usual way. The stranded wire, 
in such case, is usually braided, and treated with, 
weather-resisting compound. 

Poles for supporting overhead transmission Unes 
are usually of wood, although steel poles are sometunes 
used. The former are mostly of redwood, well 
creosoted, in order to resist the weather. On a 
straight run they would be spaced about 130 feet 
apart, i.e., about 40 to the mile, but on curves, and 
through rough country, it may be necessary to place 
them closer together. 

They are generally from 20 to 40 feet in length. 
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the diameter (usually measured 5 feet from the butt, 
or large end) being anything from 6 to 12 inches accord- 
ing to length of pole, and the strength required. For 
light, single lines, single poles may be used, but for 
heavy lines, it may be advisable to adopt A, or H 
poles, in order to secure the necessary strength with 
a minimum ol timber, 'Fig. 11 shows the single. A, 
and H poles respectively, together with the usual 
arrangement of cross arms. The illustration also 
shows bracing and stay wires. They depict poles by 
Messrs. Wade, and, in a recent paper before the 
Institution ol Electrical Engineers, Mr. C. Wade gave 
the results of experiments, carried out to determine the 
relative strengths of various sizes and forms <^ 
pole. 

Space will not permit full particulars here, but it 
may be stated, briefly, that the A pole appears to be 
most satisfactory for heavy lines, where a single pole 
catmot be used, and is about four and a half times as 
strong as a single pole of equal area, in a direction of 
right angles to the wires, and about twice as strong in 
the direction of the wires. The spread of the pole 
should be aboat ^ of the he^t. 

The H pole is chiefly used as a terminal pole at the 
end of a transmission line. For this position the 
double H pole is often used as suitable for taking the 
heaviest strains. 

The cross arms may be of oak, or, if preferred, of 
galvanized iron. In a oontinuous-corrent system, an 
insulator will probably be fixed at each end of the 
cross arm, and, if more than one pair of conductors 
has to be carried, a separate cross arm will be pro- 
vided for each pair. 

For three-phase transmission it is usual to dispose 
the wires in tiie form of a triangle, one insulator being 
fixed at each end of the cross arm and the other at the 
top of the pole. If two three-phase lines have to he 
carried they may be arranged on three cross arms, one 
complete three-phase circuit on either side of the pole. 



46 ELECTRICAL MINING INSTALLATIONS 



tea 



btf,--,,.. . 



#= 



pjif 



TRANSMISSION 47 

the conductors being one above the other, or, alter- 
natively, as shown on the A pole in Fig. 11. 

Lightning arrestere ore installed at both ends of 
the hne and also at every point where power may be 
taken from it en route. Such Ughtning arresters may 
convenienUy be placed in the station, or snbstation, 
together with the necessary choking coils. These 
latter are necessary to ensure that, in the event of the 
line being struck, the discharge shall not reach the 
generators and motora, otherwise the insulation would 
most certainly suffer. 

On long lines it is also customary to plaoe lightning 
arresters atequi-distant points alongthe route, usualfy 
©very half-mile ; these, however, are merely earthed, 
and choking coils are unnecessary. In some cases a 
galvEuiized iron wire is run up each pole to form a 
lightning conductor. This wire projects some few 
inches beyond the top of the pole, while at the base 
an earth is obtained by coiling a length ol the wire in 
the form of a spiral and burying it in the ground. It 
is possible that this form of lightning protector may be 
efficacious, and it has the advantage of being cheap, 
but is no good unless the earth connexion is properly 
made. In all cases where a reliable earth connexion 
is necessary, copper earth plates should be used. 
These should be about 4 feet square, and should have 
a substantial lug riveted or brazed on, for connecting 
purposes. 

Such an earth plate is then buried deep below ground, 
in a bed of coke. Provided the ground is moist, this 
will make an efficient and reliable earth connexion, 
but in some positions owing to the nature of the ground 
it may be found necessary to keep the earth moist 
artificially by means of a special water supply. 

One of the chief points in connexion with an over- 
head transmission line is the design of the toiminal 
poles and leading-in arrangements. Where the trans- 
mission line leaves the power station, or substation, 
the connexioas from the svritchboard will probably 
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take the form of a three-core annonred cable, which 
may be laid tmderground, to the base of the terminal 
pole, then oleated up the pole, and led into a special 
form of branching box, from which the separate leads, 



Fio. 12. TEBtnNAL Pole. 

to the three transmisaion wires, (assuming a three 
phase supply) would be taken. 

With such an arrangement the lightning arresters 



TRANSMISSION 49 

will have to be placed in the station. If, however, it 
is desired to fix the lightning arresters on the terminal 
pole, the arrangement will be as shown in Pig. 12. 
Several alternative designs are possible, but the <me 
shown is typioal. Itwill be seen that the inooming or 
outgoing transmission line is terminated on some form 
of shackle insulator, provision being made to take the 
strain o£E the last span. The connexion is then formed, 
by another bare copper conductor, from the lightning 
arrester to the insulated cable leaving the pole. The 
particular type of arrester shown, is that known as the 
" Wurtz," and consists of a number of serrated metal 
cylinders, mounted close to one another, but preserv- 
ing a sufficient distance to prevent the line pressure 
from jumping the gap. The high tension lightning 
discharge easily crosses the intervening space, and 
passes to earth by way of the earth plate, the main 
onrrent being prevented from following or setting up 
a3i arc, by virtue of the special non-arcing metal, of 
which the cylinders are composed. In addition to 
the metal cylinders, there are resistances in series 
and in parallel, to secure the proper working of the 
apparatus. 

Above the lightning arrester will be noted the isolat- 
ing switch, which renders the apparatus " dead " for 
piuposes of inspection and adjustment. 

The connexion to the three-core cable is made 
throu^ a few turns of bare copper conductor, which 
form a choking coil, and prevent the high tension, 
hi^ frequency, lightning discharge, from passing 
along the cable. The connexion &om the choking 
coil is led into the cable box and properly sealed. 
This box encloses the connexion between the bare 
conductor and the insulated cable leading down the 
pole away to the power station or substation as the 
case may be. 

The cable in this particular case, is run inside a 
steel pipe, oleated to the pole as shown. With such an 
amuigement of terminal pole, it is, of coarse, abso- 
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lutely necessary to provide a complete hondng ronnd 
the Ughtning arresters, isolating switchea, and chok- 
ing coils, to protect them from the weather. 

If the overhead transmission line ia from the power 
station to a pit shaft, the conneaion at the latter end 
should be taken to a switch panel, on which are 
mounted the lightning arresters, isolating switches 
and choking coils. This panel may be placed in an 
adjacent building, or set Up in a suitable cast-iron 
pillar, erected at the foot of the terminal pole. It 
will he noted that the switches shown only isolate the 
lightning arresters, and, if it is required to discon- 
nect the transmission line from the outgoing, or incom- 
ing, cables, another set of isolating switches must be 
provided for the purpose. 

The special rules covering the installation and use 
of electricity in mines, require that on efficiently 
enclosed, locked switch box, or switch house, shall be 
provided near the pit mouth, for cutting off the supply 
of electricity to the mine, if the generating station is 
not within 400 yards of the pit mouth. In practice 
it will be found convenient to provide this switch 
in all cases where an overhead transmission line is 
used, especially as it is such a simple and inexpensive 
addition. 
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The tables given on the foiegoing pages are based 
on the following resolutions adopted by the Engin- 
eering Standards Committee : — 

That a wire one metre long, weighing one gramme 
and having a resistance of 0*150$ standard ohms at 
60° F. (15-6° C), be taken as the Engineering Stand- 
ards Committee (E. 8. C.) standard for annecded high 
conductivity commercial copper. 

That copper be taken as weighing 655 lbs. per cubic 
foot (8-89 grammes per cubic centimetre) at 60° F. 
(15-6° C.) which gives a specific gravity of 8'89. 
, That the average temperature co-efficient of 000238 
per degree F. (0*00428 per degree C.) be adopted for 
commercial purposes. 

That 2 per cent, variation from the adopted stand- 
ard of resistance be allowed in all conductors. 

That 2 per cent, variation from the adopted stand- 
ard of weight be allowed in aU conductors. 

That an allowance of 1 per cent, increased resist- 
ance, as calculated from the diameter, be allowed on 
all tinned copper conductoiB between diameters, 
0-104' and ■028* (Nos. 12 and 22, S.W.G.) inclusive. 
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CHAPTER V 

UNDERGROUND CABLES AND FTITINOS 

Wb now come to one of the moet important sections 
of this treatise, namely, the consideration of under- 
ground wirii^ systems. There are three distinct 
Masses of cables to be considered : — (a) Shaft cables, 
(6) Roadvay, or inbye cables and {c) Flexible or 
trailing cables. 

The shaft cables require to be well armoured and 
in6nlat«d with non-hygroscopic materials (or should 
hygroscopic materials be used special precautions must 
be taken to prevent access of moisture). For under- 
ground distribution of power from the shaft into the 
workings, armoured cables are not, in many cases, 
absolutely necessary, but the insulation must still be 
non-hygroscopic and capable of resisting mechanical 
damage. For the flexible or trailing cables, em- 
ployed in connecting such portable machinery as coal 
cutters, rock drills, etc., with the distributing mains, 
twin or three-«ore cables are recommended (accord- 
ing to whether the system is continuous current or 
three-phase) and these cables are usually rubber 
insulated and finished, overall, with a flexible pro- 
tective covering. 

In considering the class of cable to be used for under- 
ground colliery work, it will be evident that the con- 
ditions differ largely from, say, those of a town li^^t- 
ing system, and it is only a borough appreciation of 
the special difficulties met with in this class of work 



UNDERGROUND CABLES AND FITTINGS 63 

that has enabled the various mateis to evolve a 
suitable class of cable. ^■- 

The chief trouble experienced is perhaps that due 
to the presence of water, which in some cases may be 
acid, or contain chemical salts in sufficient quantities 
to seriously damage the cables unless suitable pro- 
tection be afforded. Another trouble is the liability 
to mechanical damage, either through such accidents 
as trucks fooling the cables, or a roof falling, and 
bringing them down with it. 

Dealing first with the insulating medium, we find 
that rubber will give us practically all we require ; 
but rubber-covered cables, of large size, are expen- 
sive, and may cost double the price of similar cables 
insulated with paper, bitumen, etc. Paper-insulated 
lead-covered cables have been used for many years 
in connexion with town lighting schemes, but as this 
class of insulation is very hygroscopic, trouble has 
OGomred due to moisture penetrating, and breaking 
down the insulation. To guard against this, impreg- 
nated paper has been employed with considerable 
success, but it is still necessary to take great care that 
moisture does not enter, and for this purpose, cable 
boxes must always be used at the end of a line for 
making connexions. 

The insulation most favoured for colliery cables is 
that known as vulcanized bitumen. This substance is 
non-hygroscopic, and also posse^tes the necessairy 
insulating qualities. Being quite moisture-proof, 
the lead covering, used with paper insulated cables, is 
not required. Some of the eu'lier bitumen cables 
gave trouble, due to decentralization of the conductor 
when the bitumen is softened by heat, as may occru- 
when a cable is subjected to a heavy overload. For 
this reason some makers now supply cables vitii a 
paper separator between the conductor and the bitu- 
men. 

We will now consider, briefly, the type and class of 
cable to use for any particular position or system of 



64 ELECTRICAL MINING INSTALLATIONS 

supply. Fii3t ve mil take the oaae of shaft cables. 
These can be toade up in the form of sin^e, twin, or 
conoenhio cables for oontinuous current working, 
whilflt for three-phaae We may employ three ^n^ 
cables, or, dtematively, a thiee-core cable. 

For continuous current, sin^ cables are pref^red. 
The conductor may consist of a strand of high conduo- 
tirity copper wires, which should be tinned if vulcan- 
ized bitumen is used as insulation, otheiwise the 
sulphur in the bitumen may attack the copper. 
Some makers provide a strand filling subfitanoe, a 
waterproof compound, which renders it practically 
impossible for water to travel along the interstices of 
the strtoid. The stranded conductors are sheathed 
with a solid tube of bitumen, under high pressure, thea 
taped with two or more coats of stout tape, lapped on 
spirally in reverse directions, and thoroughly im- 
pregnated with a bituminous preservative compound, 
and afterwards braided or armoured as the case may 
require. A three-core cable would be prepared in the 
same way ; but, after taping, the three cores are laid 
up together, the spaces being filled in with jute fibre 
(or with bitumen) ; the whole is then further sheathed 
with bitumen, taped with two or more bitumen tapes, 
and afterwards braided and compounded, or armoi^ed, 
according to the conditions under which it is to be 
nsed. 

As already stated, for conductors down the shaft 
two single cables are preferred for continuous current 
working. This method might also be employed with 
advantage for three-phase working, especially when 
the sectional area of the conductor is large. It will 
be seen that a three-core cable is naturally of consider- 
able diameter, as compared with single cables, and 
an armoiued shaft cable to transmit 400 amperes 
may be as much as 3} inches diameter overaU. These 
lai^ cables are difficult to handle, and, what is per- 
haps more important, it is impossible to manufacture 
them in nnlm)ken lengths for very deep pits. 
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If single cables are used lor alternating current work 
they must not on any account be armouied, othemiae 
there vill be an alternating magnetic field set up in 
the ateel armouring, which will cause pressure drop 
and consequent loss of energy. For this reason, when 
sin^e cables are used for alternating current they ate 
merely br^ded, and treated with preserratiye com- 
pound. If it be necessary to protect such cables in 
the shaft against mechanical danu^, casing or 
troughs must be provided and this, of course, entails 
expense. 

For shaft work a three-core cable is generally used 
for thiee-phase current, and, if owing to the lai^e area 
required, and the great depth of shaft, it is found 
impossible to manufacture and handle in one length, 
it will be advantageous to split up the oable into two, 
or more, distinct three-core cables each of smaller 
sectional area, so that the two or three cables together 
will be used for transmitting the total load. Such a 
Boheme has the additional advantage of allowing one 
oable to be laid off at a time for teat, or, in the event 
of anything going wrong, the most important motors 
and lights xmderground can be kept going while one 
of the oables is being repaired. 

For very wet shafts lead covered cables have been 
employed, but, owing to the great weight of the lead, 
this method is impossible in deep shafts when the 
cable is hang or supported only at infrequent inter- 
vals. If trouble due to a wet shaft is expected, and 
lead-covered oable is out of the question, it will be 
well to employ a bitumen insulated cable, strand 
filled, wormed and sheathed with solid bitumen 
instead of jute yam. 

Shaft cables, unless run in easing or trong^iing 
dcFwn the pit, should always be double-wire armoured, 
with one exception, as a protection against mechanical 
damage. The cable, either single (oontinuous current) 
or thI©e^x^^e, should be armoured with two layers of 
galvanized steel wires, laid on in opposite directions, 
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the whole being then covered, overall, with tarred 
jate yam, and treated with preservative compound. 
This outer covering is merely to protect the galvanized 
steel wire armouring from corrosion. 

When cables are suspended vertically in the abaft, 
the steel wire armouring takes the strain, and supporte 
the weight of the compete cable. The usual method 
of supporting cables in pit shafts is by means of hard 
wood cleats, about 4 feet long, spaced from 20 to 40 
yards apart. One of these cleats (by Messrs. Callender) 
is shown in Fig. 13, A, fixed to a brick-work shaft by 
means of rag bolts. Snoh a cleat can be arranged to 
carry one, two, or more cables as required. Where 
this method of suspension is inadmiseihle, the cleate 
may be hung on chains, as shown in Fig. 13, B, the 
chains being attached to hook rag bolts, let into the 
brickwork, or fixed in such manner as may be most 
convenient. 

Another method of suspending a shaft cable is 
through the medium of a special form of steel sus- 
pender at the top of the shaft, designed to take the 
whole weight of the cable. Snob a suspender, by 
Messrs. Siemens Bros., is shown in Fig. 13, C. With this 
arrangement it is absolutely necessary to effectively 
secure the steel wire armouring at the point of sus- 
pension, for this must carry all the wei^t. The 
method can be used, without tmy further support for 
shafte up to 400 feet in depth ; for deeper shafts it will 
be necessary to add suspension cleats. 

There is one other type of shaft cable that must 
be mentioned before leaving this part of the subject : 
namely, "Manilla cord armoured" cable. These 
are usually of the vulcanized bitumen type, but, 
instead of steel wire armour, we have a double layer 
of hard manilla cords, wound in reverse directions. 
This covering is waterproof, and has the advanti^ 
of being much fighter than steel-armoured cables ; 
but the most important point is that separate single- 
oore cables, of large cturying capacity, can be made 
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in onbroken lengths, (md used for three-phase workmg 
without the loss of pressure and enei^y which wonld 
occur if steel wire armoured cables were used under 
similar oonditions. 

The lower end of the shaft cable ttsnally fermiiiates 
in a switch box and distribution board, from which 
smaller oables are mn for distributing eleotrioal 
energy to tbe rarioiis motors used underground. 

These oables in the underground roads are made 
up and insulated hke the mains haft oables described 
above ; but if st«el wire armouring be employed, 
one layer only is sufBoient in most cases. If the 
cable is in a position where frequent falls of the 
Tocd are experienced, double wire armouring may 
be employed, or, in special oases, we may have what 
is known as lock-coil armouring, which consists of 
steel wires of special section so arrai^ed as to fit into 
one another and form practically a solid dteath of 
steel. This form of armour is somewhat expensive, 
and would only be used when great mechanical 
strength is necessary ; it is the strongest armour 
yet devised for cable protection. Many colliery 
engineers prefer xmarmoured cables for distribution 
in the loads, and there is something to be said for 
this arrangement in the case of sniall installatious, 
when maintenance is in more or less unskillod hands. 
There are several methods of fixing underground road 
cables, and the illustration (Fig. 14) prepared by the 
St. Helens Cable Company shows four methods at 
present in vogue. 

The first consists of single onarmoured cables, 
taped, Jute yarned, and braided, laid, either on a 
shelf cut in the wall, or in a trough behind the props ; 
the txoDg^ should, if possible, be fiQed with bitumen. 
This method is rather expensive, but very safe, as 
there is no risk of personal contact. 

The second consists of unanuoured single oables, 
suspended with tarred twine, behind the props, or, 
where the roof is good, laid on a shelf out in the side. 
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The third consists of annonred oables, single for 
contmuous, twin for alternating, and three ooie 



Fourth Methad 

rio. 14. UsTBOD OF RmtmNQ Cables in Boads. 

for three phase, suspended either from the props 
(in front) or frcmi the loof timbers. 
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The fourth consists of armoured cables laid direct 
in the floor, or onarmonied cables laid in tronghing 
in the floor. This is a most excellent method, but 
very expensive, and upsets the working of the road ; 
provision must also be made for a rising floor by 
leaving slack in brick chambers near the Joint boxes. 

Where armoured cables are used in a road it is 
absolutely essential that the armouring shonld be 
continuous, and remain so, aU branches and repairs 
being bridged over in a substantial maimer with 
copper or iron strand, firmly clamped to the armouring. 
No mere twisting of one wire round the armour 
to be allowed. Further, the armour should be 
substantially earthed, every hmidred yards, to water 
pipes. If there are no water pipes in that particular 
road, an old steel rope should be laid in the floor 
to take its place, tiie rope being connected to water 
pipes at the nearest point. All machines, motors, 
winding gears, ete., should be earthed in the same 
manner. This frequent earthing is necessary, aa 
the bridging of the armour at repairs and Joints may 
become defective in time, and damage in that length 
would render the armotu- alive. 

Armourii^ is undoubtedly useful in saving the 
insulation horn small damage, but under a severe 
blow, piercing the insulation, a flash results before 
the fuses have time to blow ; with unarmoured 
cable there is no flash since the leaki^ at the fault 
is only two or three amperes ; but if this leak is 
not repaired, smouldering may ensue. After every 
fall of roof, therefore, the cables should be carefully 
examined and any damaged spots repaired. The 
mine electrician should also test the insulation of 
the cables themselves, all motors being discoD- 
nected ; he must not be content with a fairly high 
insulation, but must insist on the stune value as 
obtained before the fall, or find out the reason for 
the decrease. 

When cables are 8usp«aded from the roof timbers 
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it is oaual to employ raw hide, or metal soBpenders. 
These are easily fixed, and a length of cable oan be 
suspended in a very short time. When frequent 
falls are experienced, flexible suspended may be 
used. Fig, 16 shows a type of flexible suspender, 
known as the Callender-Ward patent. With thia 
arrangement the cable is safely supported so long 
na the suspender has to deal with ita weight alone 
bat in the event of any undue pressoie coming on 




Fio. 16. Flexible CAsiJi-SuspBMSiiR. 



the cable, the suspender allows it to drop, ajid possibly 
escape such damage as might occur if it were rigidly 
held. 

With a cable system undergronnd in a mine, 
wheie we have one or more main and sundry smaller 
distributing cables, we shall require joint and dis- 
connecting boxes somewhat similai to those used 
for town lighting. The conditions under which 
these boxes are used in mines present many special 
difiScultics which are not met with in ordinary surface 
installations, and consequently a special study has 
been made of the subject of suitable and eflScient 
jvnotion boxes for mine ose. 
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Fig. 16 shows a stuidard Btraight-throiigh Joint 



Fia. 16, Bhatt Cablb Jducttom Box. 
box for jointing single cables in vertical pit shafts 
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when necessary, and Fig. 17, A, shows a simjlar 
box for three-core cable in horizontal pit roads. 





Fia. 17. Road Cable Junction Boxes, 

Fig. 17, £, is an example of a disconnexion box for 
tbxee-oore cable whilst Fig. 18, A, shows a three- 
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way network box with disconneoting links. A tour- 
way box, when necessary, would be designed on 
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Fig. 18. Road Cable Junction Boxes. 
similaT linea. Another type of box often required 



1 



mOERGRODND CABLES AND STPriNGS ?S 

in connexion with thtee-coFe cables ia shown in Fig. 
18, B, and is known as the trifuroating box because 
it divides up the thiee cores of a main cable into 
three separately insulated conductors. This form 
of box is used at the end of a three-core cable as it 
affords a neat and effective means of bringing out 
the conductors for connexion to the switchboard. 
These illustrations are all of Messrs. Callend^r's 
standard boxes. 

It will be noticed that in all these boxes the joints 
are dry, as in many caaea it would be impossible 
to solder the connexions in the mine. The dis- 
connecting boxes are abo shown with hermetically 
sealed lids, and are filled with compound to a certain 
level, and above this again, with resin oil, in order 
to prevent sparking when connexion or discon- 
nexion of a cable is effected. In some few cases 
it is impossible to use compound in the boxes as it 
may be inadmissible to heat it in the pit or to convey 
it heated from the surface. In such oases a special 
hif^ insulating grease can be used, which, while 
beii^ sufficiently soft to apply without heating, is 
too stiff to permeate the cable dielectric if of paper 
or jute, or to be drawn np the strands of the conduc- 
tors. Oils are not recommended for this reason and 
are only used on the top of a more solid seahng com- 
pound as a spark preventative. The boxes vce 
shown with armour clainps for use with wire armoured 
cables, to ensure electrical continuity through the 
Joints, but these clamps would be omitted in the event 
of the cables being imannoured. 

When electric motors are used in the mine for 
operating portable machines such as coal cutten, 
drills, etc., they are connected up by a flexible 
conductor technically known as a trailing cable. As 
many accidents which occur have been traced to the 
nse of such portable machinery and trailing cables, 
it has become necessary to devote special attention 
to the subject. The conditions are ezceptionaUy 
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severe, anil the trdling oable is often draggjed over 
rough places where sharp projeotions '.[are met, or 
sabjected to damage from falls of roof or dropped 
tools. Sometimes the cable may be struck by a 
pick or shovel, and all these oontiogencies have to 
be guarded against. 

Trailing cables usually embody oondoctors of 
fine drawn, high conductivity, tinned copper wires 
stranded together to form a flexible whole, and 
insulated with pure Para and vulcanized indiarubber, 
the radial thickness of the dielectric being greater 
than that usually allowed for a given worldly pressure. 
The insulated cores ate then laid up together (two 
for continuous current working and three for three- 
phase) with wormings of yam and covered overall 
with a flexible protective braid or aimour. 

The Home OfBce rules require trailing cables to 
be specially flexible, heavily insulated, and protected 
with either galvanized steel Wire armouring, extra 
stout braiding, hose pipe, or other effective covering. 
Among cables of the non-armoured class we find 
protective coverings consisting of — (a) Mattress twine 
braided and compounded ; (b) Hard core braid, 
specially manufactured to prevent unravelling when 
cut ; (c) Compounded hard core braid, interlaced 
with galvanized steel wires, which gives a smooth 
surface, and is less bulky than most other covenngs ; 
fft) Baw hide or leather braid ; (e) Wrapping of 
stout marline ; (/) Rubber insulated cables diuwn 
into stout rubber hose pipe or flexible metaUic 
tube. In some cases, for continuous current working, 
two separately insulated and protected cables are 
emploj^, laid side by side and botmd together at 
interv^ of a yard with stout tarred mattress twine. 

With the above non-met^lio form of proteotion 
there is no question of earthing, and, as a matter 
of fact, the Htmie 0£&ce rules do not call for the 
earthing of portable motors or trailing cables, even 
if the latter be armoured. For this reason one 
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of the most serious difficulties colliery engineers 
have to contend Trith is the risk of shock <ywmg to a 
portable motor becoming alive. It is diffictdt to 
maintain an efficient and eSeotive earth connexion 
vith machines that are al^raya being moved about. 
Some engineers prefer to earth their machines by 
means of a vlre laid up in the flexible trailing cable, 
and such oables are provided ^th an extra core for 
connecting to the ireiae of the motor, this core being 
efficiently earthed at another point. 

The Home Office rules require that a terminal 
box shall be provided at all points There flexible 
conductors are Joined to moin cables, and that a 
tnritoh shall be fixed close to, or in the terminal 
box, capable of entirely cutting off the supply from 
the terminal box and motor. These terminal boxes 
are kncnm as gate-end boxes and it is essential that 
they be properly designed, otherwise there is risk of 
accident. The three essential points in connexion 
with the design of a satisfactory gate-end box are : — 

(a) Easy coimexion and disoonnexion of the main 
cable ; (6) Efficient and satisfactOFy smtoh and fuse 
gear ; (c) Facilities for the ready connexion and 
exchange of the trailing cable. 

Such a box, designed by Messrs. Callender, is 
shown in Fig. 19, and it will be noticed that the main 
cable is brought in at the righthand side, and the 
three cores connected by couplings to thiee copper 
rods, which pass through glands to the fose termhials 
in ihe main chamber. The coupling chamber is 
provided with an independent lid, which, when in 
position, makes an airtight Joint and obviates the 
use of compoimd. The main chamber contains the 
switch and fuse, the former being operated by a 
removable handle, and so arranged that if a fuse 
blows it is impossible to renew it With the switch 
" on *' ; further, owing to special interlocking gear 
it is impossible to remove the lid of t^e chamber 
before first openii^ the switch. Hie main chamber 
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is filled with resin oil which prevents sparking when 



Fio. 19. Caixendbb's Gate-End Box. 
a fuse blows. The trailing ends are designed for rapid 
connexion and diaconnezion to the main chamber ; 
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but owing to the interlocking arrangement, the 
trailing end cannot be inserted or removed unless 
the switch is " oS," thus making it impossible to 
produce a spark by negligence in manipulating the 
box. 

Another type of gat«-end box is shown in F^. 20 
and is design^ for use with Fisher's patent protective 
system. In addition to the requirements above 
referred to, this gate-end box has several automatic 
features, designed to prevent any possibility of 
accident, even in the hands of the most careless 
operator. It wiU automatically interrupt the supply 
in the event of — (a) Persistent overload ; (6) Short- 
circnit between phases ; (c) A fault between any 
phase and earth ; {d) No voltage or failure of supply ; 
(e) A break or bad contact in the earth circuit. The 
gate-end switch cannot be closed unless the earth 
connexion is complete, and it may be opened by 
operating a small lever attached to the coal cutter 
or ot^er portable machine. 

The Fisher a^tem involves the use of a trailing 
cable having a pilot or subsidiary wire, in addition 
to an earth conductor. 

The gate-end switch is controlled by a solenoid 
in circuit with the pilot and earth conductor, so 
that, if the earth circuit is incomplete, current 
oannot pass through the solenoid, and it is impossible 
to close the switch. 

i Fig. 20 shows the arrangement for a three-pliase 
supply with earthed neutral. 

When the operating switch is closed (provided 
the jnlot circuit and the earth conductor are com- 
pleted through the framework of the machine), the 
solenoid P is ene^zed and the main switch closed. 
On releasing the handle of the control switch, the 
switch springs automatically on to its contact which 
puts a high-resistance solenoid in circuit, and also 
effects a change-over by Which the connexion through 
the Bolenoid is taken from the outgoing side of £e 
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switch. It will be seen that the main switch cannot 
be held in the closed position unless cuirent passes 



through the solenoid, and there will be no circuit 
■through the solenoid ooless the earth circuit is com- 



UNDERGROUND CABLES AND FmiNGS 81 

plete, oi if the supply voltage fails. By this means 
the ETwitob opens automatically mider the fault 
conditions enumerated above. 

8 IB A three pole oil-break switch fitted with three 
overload release coils R, R, R, governed by a time-I^ 
device of the oil dash-pot type. A scale, Y, is pro- 
vided for adjusting ^e setting of this overload 
arrangement. 

P is tiie controlling solenoid, and has two windings, 
one of which is used to give a maximum pull at the 
moment of closing the switch, whilst the other is a 
coil of high resistance, consuming only the small 
amount of energy sufficient to hold up the armature, 
when the switch is " on," but the latter is knocked 
out by means of simple mechanism, when the weight 
of the armature is released by the solenoid. 

J* is a small control switch, operated from outside 
the box by the handle O. This control is on a free 
handle principle, i.e., in the event of a fault occurring 
the main switch is bound to trip out, even though 
the control switch is held by the operator, or if an 
attempt be made to tamper with the device, 

ii is an indicating lamp which, by the aid of a 
simple shutter device, is visible through a strong 
glass window, and gives a clear indication, which 
can be seen from outside, whether the switch is 
"on" or "off." The lamp is connected to the 
incoming cable, and, when no light is seen indicates 
that the supply is cut o£E from this source. 

The overload release coils R and R, in operating, 
open the control circuit and so release the main 
switch. The complete mechanism is enclosed in a 
strong iron case. The current-breaking parts are 
immersed in oil. The case and lid have wide machined 
Joints to avoid the possibility of an emission of flame. 
Mechanical terminals are provided throughout, so 
that Joints can be made without soldering. Those 
at A take the incoming cable, the insulated ends of 
which are located in a box which can be run in 
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solid with oompoimd for the purpose of sealing the 
ends. Suitable glands are provided for earthing 
the armour thoroughly to the box. The trailing 
oable is attached to the plug B. The plug is enclosed 
in & strong cast-iron case, and is so interlocked with 
the control switch, that it is impossible to withdraw 
the plug when the main switch is closed. This 
interlocMng is effected by the pawl K, and it is 
obviously impossible to draw out an arc in manipu- 
lating the plug because the latter cannot be with- 
drawn when the circuit is ahve. A corresponding 




tiling Cable 

Fig. 21. Flito ; Fisbes Patent Ststeu. 

plug is used at the coal-cutter end of the tnoling 
cable, and a socket is made, as shown in Fig. 21 
suitable for fixing to any existing coal-cutter frame. 
Like the corresponding socket on the gate-end box, 
it carries a locking pawl inter-connected with a small 
switch, by which the men working the coal-cutter 
can open the control circuit, and so render the traUer 
and motor dead, and ensure that they cannot be 
again eneigized until the switch is closed at the coal- 
cutter end. The system enables a supply to be 
cnt^oS, right back to the gate-end box, and not only 
disconnect« the motor, but the trailing cable as well. 
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and at the same time prevents any one accidentally 
closing this circuit if the men at the coal-cutter are 
carrying out any work on the machine. 

The plug is made reversible so that the motor can 
be reversed, if necessary, by simply withdrawing 
the plug and reinserting it the other Way round. 

It is obvious that, if the plug is not in the socket, 
the control eireuit is incomplete, and it is thus 
impossible to close the main switch with the pli^ 
lying on the ground. 

In reference to the question of earthing cable 
systems generally, it will be noticed that the Home 
Office rules do not enforee this for medium pressm^, 
although it ia insisted upon for high pressure working. 
It is quit« an open question at the present time with 
colliery engineers, and some prefer unarmoured 
cable for use underground. In some respects this 
unarmoured unearthed cable is safer, if the installa- 
tion is improperly maintained. When a fault occurs 
in an unarmoured cable, a severe shock can only be 
experienced at the actual fault, and, further, one may 
have a serious fault on one or more cables, and still 
be able to run without danger to life or property. 

With metallio-armoured cables this woidd be 
impossible, because if an armoured cable be faulty 
the armouring is at the same potential as the con- 
ductor ; if the armouring is connected to earth this 
can never be more than a few volts above earth 
potential. If, on the other hand, the armouring is 
not earthed, or if the earth connexion is faulty 
the pressure may be, say, SOO volts above earth poten- 
tial, not only at the actual fault but all along the 
armouring. This is of course exceedingly dangerous 
and effective earthing is the only practical way of 
avoiding danger when armoured cables are used. 

The armouring must not only be efficiently earthed 
but care must be taken to make it electrically con- 
tinuous throughout. To this end all joint boxes 
fibould be arranged for clamping the armoor as 
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shown in Fige. 16, 17 and 18. In important installa-' 
tionB it ia sometimes the practice to lay an earth 
wire, or strand of copper wires, along the cable route 
and connect to it all the cable armouring as well as 
motor frames and auxiliary apparatus. This ar- 
rangement has great advantages over the ordinary 
system of earthing by way of the armouring only, 
sinoe a break in a supply cable will he insufficient to 
destroy the earth connexion, and, further, the earth 
connexion of any particular section may be broken 
without affecting that of the lemaiader. 

In connexion with the application of electricity 
for lighting in coUieries, it will only be neoessary to 
deal with a few special points. The subject of elec- 
tric lighting is a broad one, and the reader is referred 
to other volumes in this series for details, both in 
connexion with arc and incandescent lighting. 

The Home Office regulations reqture that all uv 
lamps shaJl be so guarded as to prevent pieces of 
incandescent carbon falling from them, and eball 
not be used in situations where there is likely to be 
danger owing to the presence of coaldust. They 
should be so screened as to prevent risk of contact. 

Small wires for lighting circuits must be either 
carried in pipes or casings, suspended from porcelam 
insulators, or tied to them with some non-conducting 
materia] which will not cut the covering, and in snoh 
manner that they do not tonch any timbering or 
metal work. On no account must staples be used. 
If metallic pipes are used they must be electrically 
continuous and earthed. If separate uncased wires 
are used t^ey must be kept at least 2 in. apart, and 
not brouf^t together except at lamps, switches, or 



In any place or part of a mine to which General 
Rule No. 8 of the Coal Mines Regulation Act, 1887, 
applies, electric lamps, if used, must be of the vacnum 
or enclosed type ; they must be protected by gastight 
Sttinfp of Btnui^ ^aaa, have no flexible Qord OQumx- 
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ions, and mnet only be changed by a duly authorized 
competent person. While the lamps are being 
changed the cturent must be switched off. 

The electric lighting of euiface works does not 
call for any special comment. Electric lighting 
imdeigToimd, by means of incandescent lamps, may 
be airai^ed on the three-wire continuous-current 
system if the pressure lies between 260 and 500 volts, 
care being taten to distribute the lighting between 
the two sides of the system as equally as possible. 

With three-phase working a step-down transformer 
would be used to obtain die most suitable pressure 
for lighting purposes. A three-phase etep-dowii 
transformer for this purpose should be mesh con- 
nected on the primary side as shown in Fig. 5 (b) 
and star-connected on the secondary aide as in Fig. 
6 (c) the lighting circuits being arranged between 
the neutral and each outer or line wire. From such 
a three-phase transformer it will therefore be neces- 
sary to have three distributing circuits, and, although 
a perfect balance is not absolutely necessary, care 
should be taken to divide the load between the three 
circuits as equally as possible. 

A transformer with mesh-connected primary and 
star-connected secondary is recommended, because 
this arrangement gives better balancing, but a cheaper 
combination may be used, consisting of an auto- 
transformer with star connexions, the main supply 
being connected to the outer terminals, and tappings 
provided on each limb, from which the low-tension 
current may be taken for hghting purposes. This 
arrangement is not so good from a balancing point 
of view, and, if adopted, special care must be taken 
to distribute the lighting over tbe three single-phase 
circuits as equally as possible. 

In employing alternating current for lighting 
purposes it must be remembered that, with low 
frequencies, there may be trouble due to fluctuation 
in the lights. Arc Luting cannot be successfully 
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carried out on a lower frequency thaa 40 cycles per 
second. Incandescent lighting is satisfactory with 
a frequency as low as 25 cycles per second for mine 
work, but low voltages (100-110 volts) are recom- 
mended, m order that the lamp filaments may be 
thick and short. The amount of fluctuation on 
low frequencies is less with a lamp having a short 
thick filament. 



...Google 



CHAPTER VI 

ELECTRIC HAULAGE 

Oss of the great advances in recent mining practice 
ia the adoption of electric haulage, and in many 
casee this hae become an abBoIate necessity in order 
to remove coal from the working faces and deliver 
it in the quantities required. 

There are three distinct eyatems of haul^e, known 
as (a) majn rope haula^, (S) mahi and tail haulage, 
and (c) endless rope haulage (apart from the con- 
sideration of traction by locomotive), and the selection 
of any particular system depends entirely upon 



The main rope haulage usually consists of one 
drum, winding a single rope, and hauling the tubs 
up the gradient, l^ia type of haidage gear can 
obviously only be used on roads having a continuous 
down gradient in the direction away from the gear, 
since tiie tubs are required to run back by gravity. 

Pig. 22 shows a typical arrangement of this type 




Vm. 22. Flak 
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of gear -which is, perhaps, the simplest. The motor 
usually drives through double reduction spur-gear, 
on to the drum shaft, and as it is usual to start up 
the motor by means of a controller, no friction clutches 
need be employed, hut these are sometimes included 
if the starting conditions are severe, and in any case 
a clutch of the friction, or claw, type must be fitted 
for the puiTJose of disengaging the drum from the 
shaft, and allow the load to run back by gravity. It 
is not considered necessary to reverse the motor 
with this type of haulage, although, as explained 
later on, reversing controllers are often employed. 
A substantia bia£e ge^ must of course be fitted, 
capable of holding the maximum load on the incline. 

The use of this type of haulage gear obviously 
depends upon the gradient of the roads, which 
should be at least 3 inches per yard for the system 
to work satisfactorily, although ji the rails are light, 
and badly laid, it may be necessary for the gradient 
to be even steeper, to ensure satirfactory workit^. 

In many instances it is impossible to obtain a 
continuous down grade in a direction away from the 
haula^, in which case the empty tubs cannot return 
by gravity, and a tail rope has to be employed for 
the purpose ; haulage gear arranged on this principle 
is known as " main and tail " haiUage. The arrange- 
ment usually couBlsts of two drums as shown in 
Fig. 23, one winding the main, and the other the 
tail rope. With this arrajigement clutches are not 
absolutely necessary, although they may be wnployed 
if the starting conditions are severe, but in most 
cases the motor is provided with a reversii^ con- 
troller, capable of starting, stopping, reversing, and 
regulating the motor according to requirements.. 
Brakes are fitted as usuaL 

The disadvantage of main and tail and also of 
main rope haulage is the time lost in working. On 
consideration it will be seen that, allowing time for 
the return of the empty tubs, and also for changing 
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the tubs at each end of the run, the motor is only 
effectually working for about one-third of the total 
time. In cases, therefore, where time is important, 
and it is required to haul the maximum amount of 
material, a haulage of the endless rope type is used. 
With this gear two ropes (which form one endless loop) 
run continuously, the full tubs travelling up on the 
one rope and the empty tubs returning by the other, 
the gear running continuously for long periods. 
This system is very simple, but the roads must be 




Fio, 23. Madi anr Taxl Haitlaqe Geab. 



fairly straight and also wide enough for the two 
lines of tubs to pass. Other advantages of tiiistype 
<tf gear are that the material is dehvered more regu- 
larly, and the power required to drive may be less, 
owing to the fact that the full and empty tubs tend 
to balance ; further, owing to the comparatively 
slow speed at which the rope travels, the rails may 
be hghter than with main haulage or main and tful 
baula^ gears. 

Endless rope haulage gear is often made in a form 
similar to main haulage with single drum, this drum 
Iwing of special shape with the rope passing round 
tiiree or four times to ensure suffioient grip. Many' 
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types of drum have been designed for endless rope 
haulage gears, and in some cases & single grooved 
pulley is used. 

The motors operating this type drive through 
single or double reduction gearing as usual on to the 
drum shaft, but the motor is not required to reverae, 
although a reversing controller is often supplied in 
connexion with such equipments. Occasionally haul- 
ages are designed with two, three, or even four rope 
drums, or wheels, for operating ropes on as many 
different routes. In this case the motor and gear 
run continuously, and any drum or wheel may be 
set in motion or stopped by a suitable friction clutch, 
ef&cient brakes being also provided on each drum. 

In regard to haulage gears generally, the motors 
must be rated according to the requirements of each 
particular cose, but broadly speaking, the following 
are usiially considered correct. 

Main rope haulage . . Motor of one hour rating. 

Main and tail rope haulage . Motor of two hovir rating. 
Endless rope haulage , . Motor of continuous rating. 

By thus rating the motors in hours, we mean tiiat 
the temperature rise must not exceed a certain 
specified figure, say, 76° P., after a run at normal 
full-load for the periods stated. 

TOth continuous rated motors a period of six 
hours ia usually considered suflScient for the purpose 
of a temperature test. 

The reason for adopting motors of one or two hour 
rating is because such machines are only required 
to run for short periods at their rated loaid. In the 
case of a main haulage gear, the motor will run for 
a 'period at its full rated load, and then remain 
stationary, whilst the tubs return by gravity. 

In the case of the main and tail haulage gear the 
motor will work for a period at its full rated load, 
then at a much smaller load when returning the 
empty trucks, and will remain stationary for some 
time while the tubs are changed. 
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If the motors operating the haulages are o£ tiie 
continuous-current variety, they are usually series 
wound, in order to obtain the maximum starting 
torque, but in other cases, such as endless rope haulage 
gears, operating no more than one rope, it is prefer- 
able to fit compound-wound motors in order that 
the speed may be maintained constajit at all loads, 
a disadvantage of the series motor beii^ that the 
speed increases on hght load. If the supply is three- 
phase alternating, the haulage motors mil be of the 
wound rotor type, with slip rings. 

As regards the controUing equipment, it is usual 
to put in controllers of the tramway type, suitable 
for starting, regulating, and reversing. Such con- 
trollers are of the non-automatic type, for hand 
operation only, a suitable panel being also provided 
with automatic switches, having overload and no- 
volt attachments if necessary, together with such 
instrumenta as may be required. 

Controllers for continuous-current motors are 
usually of the vertical tramway pattern, and are 
fitted with magnetic blow-outs to reduce sparking to 
a minimum. 

For alternating current motors they may be of 
the above type when used in connexion with small 
machines, al^ough, for obvious reasons, magnetic 
blow-outa are in such case, impracticable. 

With large three-phase alternating current motors 
it is usual to employ oil immersed controllers, in 
order that the heavy current may be handled without 
burning and arcing at the contacts. 

These oil immereed controllers may be of vertical, 
but are more often made in horizontal form, as this 
makes a better arrangement for the connecting cables, 
while the controller can be so arranged that the tank 
may be lowered for inspection when necessary. 
Such controllers can be provided with a handle or 
hand wheel, while, in the case of very large haulage 
oontroUets, signal levers may be adopted, and are 
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placed in a convenient position on the bed of the 
haulage gear within easy reach of the attendant. 
In fiery mines it is absolutely neoeesary to employ 
oil immersed controllers, in order that there may be 
no risk of explosion set up by arcing at the contacts. 

Controller resistances for haulage work usually 
take the form of cast-iron grids made up in units, 
which are often left open, but protecting covers may 
be provided when required. 

The resistances are designed for starting and 
regulating, and the usual practice is to allow for 60 
per cent, speed regulation over periods of ten to 
fifteen mmutes, witiiout undue heating or damage. 
In special cases the resistances are also designed to 
give a creeping speed. 

Reversing controllers are usually employed inde- 
pendent of whether tlie haiding gear is of the main 
and tail or endless rope type, and even for main haul- 
ing gears where no tail rope is employed. Although 
endless rope gears are seldom required to reverse, 
and main gears are reversed by r unning the load out 
on the brake, it may still be necessary at some time 
or another to reverse the motor quickly, as in the 
event of a truck getting off the line or a rope Jamming. 
At the same time a reversing oosto no more than a 
non-reversing controller, and, for the above reasons, 
it is standard practice to employ controllers with a 
reversing motion, irrespective of ihe type of gear in 
connexion with which they are to be used. 

A few engineers prefer hquid starting resistances 
for haulage gears, with the reversing contacts on the 
apparatus, or embodied in a changeover triple-pole 
oil-break switch, interlocked with ihe hquid con- 
troller. While this arrangement is cheap for large 
gears, and has other advantages, it is very seldom 
employed, and is not standard practice in this oonntry. 

The switch panels required in connexion With each 
haulage gear will usually consist of an automatic 
switch, fitted in iron case, and, if the power be more 
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than 10 B.H.P., an ammeter muat be provided in 
acooidance with Home Office nilea. 

In some special oases of very lai^e haulage gears, 
it has been found impracticable to use the standard 
form of motor, and controller, owing to the severe 



conditioiis ; in euch cases haulage gears are arranged 
on a system very similar to that described for main 
winding. 

In other oases large haulage gears have to be 
designed to meet special oiroumstanoes, and we may 
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find more than one motor operating with aeries 
parallel control, in the case of continuous current ; 
or cascade control in the case of three-phase systems. 
It may sometimes be necessary, owing to the great 
distances over which electrical enei^ has to be trans- 
mitted, to wind haul^e motors for high tension 
working, in which case special precautions must be 
taken in regard to the protection and control of such 
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machines ; but the Home OfiSce rules stipulate that 
no high tension motor of less than 20 H.P. may be 
used underground. 

Diagrams of connexions for continuous and 
alternating current controllers are shown in Pigs. 24 
and 25 respectively. Fig 24, A, shows the connexions 
for a series-wound, and Pig. 24, B, the arrangement 
for a compound-wound motor. The connexions in 
Fig. 26 assume the combination of a three-phase 
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motor with a three-phase totor, but in some cases a 
two-phase rotor may be used. 

In designing haulage gears, makers have to take 
into account the maximum strains to which they are 
likely to be subjected, but, in calculating the horse- 
power required to drive, we take an average of the 
power required over a complete cycle of operations. 
The power required wiU naturally depend upon the 
load, and the gradient ; it will also depend upon the 
speed and condition of the load, losses in gearing 
and loads, and upon the type of gear in question. 
As a rule the quantity of material to be handled is 
definitely known, and this determines the load. The 
gradient is also fixed, so that the speed, togettier 
with the type of gear, are the only items that remain 
to be settled. Assuming that all these pointa have 
been decided it ia a comparatively easy matter to 
calculate the B.H.P, required. 

In regard to speed it may be mentioned that 6 
miles per hour is usual for main haul^e or main and 
tail haulage gears, and even greater speeds are some- 
times attained in the case of large seta. For endless 
rope haulage 2-4 miles per hour is usual, although it 
depends upon weight of rail, and condition of road. 
If the former be heavy, and the road good, a higher 
speed can be employed than with light rails and a 
badly laid road. 

Although the power required may be calculated 
to a nicety from the following formula, a certain 
amoimt of reserve should be allowed for, and the 
maximum not cut too fine. Overloads are bound to 
occur when one or more tubs are derailed. 

In fixing the voltage of haulage motors allowance 
must also be made for loaa in pressure due to trans- 
mission, especially if machines are placed at some 
considerable distance from the generating station. 
It must be remembered that the speed of the con- 
tinuous current motor falls practically in proportion 
to decrease in voltage, although the torque remains 



r^ 
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constant. With thiee-phase motore, however, the 
torque varies directly as the square of the voltage, 
while the speed of the machine remains constant. 

As an examine, let us take the cose of a main 
haulage gear, designed to work under the following 
conditions — 



Nett load 

Nine tuba at 15 cwts. each 

Length of road 

Incline of load 

Spaed .... 

Haulage rope circumference 

Haulage rope weight 



12 touB^ 26,680 lb. 
6i tons = 16,121 lb. 
800 yds. 

1 in. per foot or ■^. 
6 mites per hour. 



2i lb. pOT yd. 

For eingle drum working there is only one rope, 
and the pull due to weight and friction of the rope 
varies from a maximum to zero as the set is being 
hauled up. The average pull is obtained by consider- 
ing the set as being half-way up the road, that is to 
say, 400 yds. from the drum. The friction of tiie 
load is taken as 40 lb. per ton, and that due to the 
lOpe as 10 per cent, of its weight. 

On this basis it will be easily seen that the total 
pull on the rope is made up as follows — 

PuU due to load 26,880 x A = ■ ■ 2,240 lb. 

Pull due to tubs 16,120 x -fy^ . . 1,260 lb. 

Pull due to rope 400 x[2J x Vi = . . 75 lb. 

Friction due to load at 40 lb per ton = 480 lb. 

Friction due to tube at 40 lb. per ton= 270 lb. 

Friction duo to ropea 400 X SJ x tWi . 90 lb. 

Total pull on rope . . . 4,416 lb. 

Then the power required, assuming a speed of 5 
miles per hour (440 ft. per minute) ^ 4,415 x 440 
-i- 33,000 — 59 H.P. Allowing 74 per cent, as overall 
efficiency of haulage gear, we obtain 80 B.H.F., 
which will be required for the motor, and, following 
the usual practice, we should employ a motor of this 
output, and of one or two hour rating. 

llie case of the main and tail haulage gear is very 
similar, but to make matters quite clear we will take 
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another example, of a main and tail haidage gear, 
designed to work under the following conditions — 

Nett load. ... 15 tona = 33,flOO lb. 

20 tuba at 20 cwts. each . 20 tODB=^ 44,800 lb. 

Length of rood . 1,600 yds. 

Incline of road . . Level. 



Haulage rope circumference 
Haulage rope weight 
Length of rope 



S milea per hoiar. 



With main and tail haulage it is a httle difficult 
to decide what allowance to make for the tope 
when tiie load is on varying gradients. Aseuming 
the road to be level, however, there ie no difficulty, 
as it is quite clear there will always be a full quantity 
of tope lying along the toad, both main and tail, or 
perhaps all tail, and friction must be allowed for 
accordingly ; this is taken as 10 per cent, of the 
weight of the rope. 

Working on (tia basis we obtain the following 
values for the puU on the rope due to above load — 

Pull due to load (level) 

PuU due to tuba (level) . 

Friction due to load at 40 tb. per ton 

Friction due to tubs at 40 lb. per ton 

Friction due to ropea, 3,000 x 2^ x ^"^ . 866 lb. 

TotAl pull on rope . . . 2,266 lb. 

Then tiie power requited, assuming a speed of 6 
miles per hour (528 ft. pet minut«) = 2266 X 528 
-r- 33,000 = 36-3 H.P. Allowmg 73 per cent, as 
overall efficiency of haulage gear, we obtain 60 B.H.P. 
which will be required for the motor, and in accord- 
ance with usual practice we should adopt a motor 
of two hour rating. 

The calculation of endless rope haulages will be 
very similar to the above, but due allowance must be 
made for the returning tubs ; the pull on the rope, due 
to gravity, will be equaUzed. The motor in this 
case must of course be continuously rated. 
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In order to arrive at the power required for dealing 
with any quantity of coal in a given time, by means 
of main and tail or endless rope haula^ gears, the 
author has obtained peimiseion to reproduce the 
following tables, prepared by Mr, W. C. Mountain. 

Table I gives the power required for main and tail 
haulage gears, on gradients varying from 2 in., in 
favour of, to 12 in. in the yard, against the load, and 
this table may be taken as representing the actual 
horse-power which will be required under ordinary 
conditions, with a proper allowance to cover friction. 
The load in tons includes the weight of tubs, coal, 
and rope. 
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With nuun rope h&ulage it is necessary to take 
tlie weight o( the main rope only, but in main and 
tail haiuaga, the weight of both ropes should be added 
to that of the coal and tubs on the inooming Journey. 

It will be noted that the power is reckoned at a 
speed of 10 miles per hour, but, by taking off the 
figure on the right, or introducing a decimal point, 
the table at once gives the horse-power requirod at 
a speed of one mile per hoar, and if this be multiplied 
by the actual speed at which the train is running, 
the actual horse-power neoessuy wiU be arrived 
at. 

In calculating horse-powera for main, or main and 
tail haulage, the length of the road is not taken into 
account. 

Table II. Endless Rope Haulage.— With endless 
rope haulage, where tul» are attaohed to the rope 
at regular intervals, it ia sufficient to take the deb very 
in lb. of coal per minute at the pit bottom, or to 
whatever point the haulage rope is required to deliver 
its load, and it will be noted that Table II ^ves the 
horse-power required on a road 1,000 yds. long, from 
a gradient 2 in. to the yd. in favour of, to 12 in. to the 
yd. agtunst, the load. 

In considering tiie hoise-power of an endless rope 
haulage, it is only necessary to take the average 
gradient, so that, if the total length of the road be 
known, and the total rise, this will at onoe give tJie 
gradient, in inches per yd., against which the load 
has to be drawn. 

M Assuming the road is more or less than 1,000 yds. 
long, the horse-power is proportional to its length. 
For instance, if the road is 600 yds. long, the horse- 
power required will be one-half that shown in the 
table ; if twice the length, then double. 

Mr. W. C. Mountain has made a comparison of the 
two systems of haulage as regards power requited, 
based upon the above tables, and the following ex- 
ampleswiU explain the apfdication of the rules, assum- 
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ii^ that the Work to bfr'done t)y eaob hatib^ is s 
tculows: — 



600 tons. 



4 in. to^the yd. 



Capacity m 10 hours . 
Capacity per hour 
Capacity per minute . 
Length of road, 1,760 yda. 
Oradient against load 
Weight of each empty tub 
Weight of cool per tab 
The power required for main and tail haulage will 
therefore be aa under : — 

Number of traiDS per hour . 3. 
Time allowed for hauling both 

tuba outbye . .8 minutes. 

Time allowed tor hauling 

empty tubs inbye . . 8 minutefl. <' 

Hitching on full and empty 

tube . . . .4 minutes. 

Total time per journey in and 

out ' , . .20 minutes. 

Number of tubs per journey 40. 
Capacity, 10 cwts. each . 400 cwt. oc 20 tomL 
Weight of tubs, 4 cwt. each 160 cwt. or 8 tona. 
Estimated weight of lope . 40 cwt. or 2 tons. 
Total weight of train, includ- 
ing coal, tubs and rope . 30 tons. 
Speed of haulage . . 1 mile in 8 minutes. 

or 71 miles per hour. 
From the main and tail haulage Table I it will be 
seen that, if a load of 30 tons is to be hauled up a 
gradient of 4 in. to the yd. against the load, at a speed 
of 10 miles yer hour, 300 H.P. will be required, so that, 
at the reduced speed of 7i miles per hour, the horse- 
power becomes 30 x 7-5 := 225. 

For the same duty by the endless rope system, the 
delivery of coal to the pit bottom being 600 tons in 10 
hours, or 60 tons per hour, i.e., 1 ton per minute, the 
power calculation is as follows :> — 
Speed of haulage in miles per hour , 
iJength of rood, 1 mile 
Gradient against the load 
Coal delivered per hour . 
Cool delivered per minute 
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WeiEJjt'trfcofitpef tub-- . . .10 cwta. 
Kumbep of tube delivered per minute to 

pit bottom . . .2. 

Y<tfdB travelled per minute by rope on 

two miles per hour . . . 68'6. 
Distance of tuba apart on rope 29-3 yds. 

Number of full tubs on rope . 60, 

Number of empty tubs on rope 60. 

With the endless rope system the full and empty 
tubs balance each other, and it is therefore only 
necessary to deal with the actual weight of the coal. 

On reference to the horse-power given in the end- 
less rope power Table II, it wiD be seen that for an 
output of 2,260 lb. pei minute, which is the nearest 
in the table to 2,240 lb., or 1 ton, on a road 1,000 yds. 
long, with a gradient of 4 in. to the yard against the 
load, we shall require 34 H.P. 

With the endless rope system the horse-power is 
increased in accordance with the length of .tiie road, 
Therefore, the horee-power for a road 1 mile long 
becomes 34 x IMS = 60 H.P. 

In addition to the foregoing types of haulage gear, 
we may also mention small portable haulages, for 
auxiliary work, such as hauling material from die 
working parts to t|he main haulage rope. Such sets 
ore UBiuilIy quite small, and often the power required 
does not exceed 5 H.P. These haulage gears may be 
similar to any one of the three already described, 
though they usually take the form of main haulage 
with one rope, but in any caae the use of such auxiliary 
plants makes for economy in working, as it dispenses 
with ponies and only one or two boys will be found 
necessary for coupling up the tubs, ete., so that con- 
eiderable saving in workmg expenses may be effected. 

There is also another system of haulage used to a 
small extent in colliery work, viz., haulage by electric 
locomotives, but up to the present this method has 
not found much favour in this country. The endless 
rope haulage system is preferred, and it must be ad- 
mitted that it has several advantages over the loco- 
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motive, notably aa regards offioiency and general 
oonvenienoe. 

Dealing first with the question of efficiency, it is 
obvious that a great deal of power is necessarily wasted 
in moving the fcoomotive, which must itself be heavy 
to give sufficient adhesion. Again, when locomotives 
are employed more room is required in the roads, 
despite the fact ttiat designeis have made mine- 
locomotives as compact as possible, and the increased 
space required is usually sufficient, in itself, to prohibit 
the adoption of this form of traction or haulage. 

There are, however, a few instances Where loco- 
motives can be, and are, used with advantage, and 
these are all operated on the low or medium tension 
continuous-current system. The Home Offioe rules 
are very strict in regard to the use of locomotives, as 
the following extract will show. 

" Electric haulage by locomotives on the trolley 
wire system, is not permissible in any place or part of 
a mine irfiere General Rule No. 8 of the Coal Mines 
Regulation Act, 1887, appbes. On this system no 
pressure exceeding the limits of medium pressure may 
be employed. 

" In undei^round roads, the trolley wires must be 
placed so that they are at least 7 ft. aiX)ve the level of 
the road or track, or elsewhere, if sufficiently guarded, 
or the pressure must be cut off from the wires, during 
such hours as the roads are used for travelling on foot, 
in places where trolley wires are fixed. The hours 
during which travelling on foot is permitted shall be 
clearly indicated by notices, and signals, placed in a 
conspicuous position at the ends of the roads. At 
other times no one other than a duly authorized person 
shall be permitted to travel on foot along the road. 

" On this system either insulated returns or unin- 
sulated metallic returns of low resistance may be 
employed. 

" In order to prevent any other part of the system 
being earthed {except when tiie concentric system 
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with earthed outer conductor is used) the cnrrent 
supplied for use on the trolley wires with a^ tminsu- 
lated letum sbaJl be generated hy a separate machine, 
and shall not be takesi from, or be in coimexion with, 
electric lines otherwise completely insulated from 
earth. 

"If storage battery locomotives are used in any 
plaoe or part of a mine where Genend Bule No. 8 of 
the Coal Mines Begulation Act, 1887, applies, the 
rules applying to motors in such places shaJl be also 
deemed to apply to the boxes containing the cells." 

Dismissing storage battery systems for the present 
as impracticable, it may be stated that the earthed 
return is the only system commercially possible. This 
means that one hve bare trolley wire is used, and the 
current returned through the track, which Is, of course, 
in connexion with eartii. The alternative to this 
system would be two trolley wires, and two trolleys, 
but the complication would put such a system out of 
court altogetiier for mining work. 

As the earthed return Is objectionable the Home 
Office have stipulated that a separate electric genera- 
tor shall be used to supply energy to locomotives, so 
that the earthed return does not represent an earth on 
the electrical system in general use throughout tie 
mine. This usually means the adoption of an inde- 
pendent motor-generator for supplying the locomotive 
section, which ma,y be placed down the shaft if possible, 
or perhaps on the surface, in which case another set of 
cables will be required down the shaft te supply the 
locomotive circuit. 

Taking everything into consideration it will be 
admitted that there are several obstacles to overcome 
before haulage by electric locomotives underground is 
possible, and It is perhaps not surprising that little 
headway has been made in connexion with this 
system. 

The electrical equipment of a locomotive would 
usually consist of two continuous-current motors, each 
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cIriTmg one axle through smgle reduction spur gear- 
ing, and controlled by means of a Beries parallel con- 
troller. With the small amount of room available, 
and the narrow gauge often adopted, it has been 
rather a problem to design an electric motor to fulfil 
the required conditions. 

The series-parallel system of control, as its name 
implies, starts up the two motors in series, with resist- 
ance in circuit, and, as the controller handle is moved 
round, the resistance is gradually cut out, leaving the 
motors running in series at approximately half speed. 
On further moving the controller handle the motors 
are coupled in parallel with the resistance again in 
circuit ; this is gradually cut out, step by step, until 
both motors are running in simple parallel across the 
line. All these movements are carried out by one 
hand wheel on the controller, but another handle is 
usuaUy provided for reversing. 

In the case of small locomotives a single series- 
wound motor may be used with resistance control 
similar to that adopted for ordinary haul^e gears. 

The trolley wire is usually suspended by means of 
insulated hangers carrying an ear, into which the wire 
is soldered. The current collecting device fitted to 
the locomotive is known as the trolley, and may be 
of the ordinary tramway pattern, which, however, 
requires reversing every time the locomotive changes 
its direction of running, or, preferably, the bow type, 
having a roller pressing upwards against the trolley 
wire, as this form enables the driver to run in either 
direction without giving any attention to the trolley. 

Some electric locomotives are also fitted with a reel 
of insulated wire to aUow of their working in a posi- 
tion beyond the limits of the trolley wire system. 

Electaic locomotives are, of course, fitted with the 
usual hand brakes, and, in addition, it is usual to 
arrange the controller with a rheostatic brake, which 
is merely an arrangement of connexions, converting 
the motors into generators and absorbing the enei^ 
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by means of resistances, when stopping or descending 
an incline. 

One point mnst not be lost sight of when dealing 
with this system of haulage, viz., that the locomotive 
must be heavy enough to give the necessary adhesion 
to the rails, the weight being a function of the draw- 
bar pull required. 

Generally speaking, heavier rails are necessary for 
locomotive traction than with rope haulages, and, 
further, the track must be laid with greater care, and 
must be bonded electrically in order to preserve a 
continuous electrical circuit for the return current. 



...Google 



CHAPTER Vn 

ELECTRIC PUMPING 

Thb diiving of a pumping plant by electrical energy 
is one of the most important, if not the most important, 
detail in anelectricaJlyequippedmine. With pump- 
ing plant one of the first eseentiBls is leliabihty as in 
many cases a stoppage, even for a short time, mi^t 
involTQ serious loss and damage. The type of pump 
used for mining purposes during the last part of the 
nineteenth century was that known as the " Cornish " 
pump, consisting of an old-fashioned heam engine, 
at the top of the shaft, running perhaps aa slowly as 
four strokes per minute, and operating a pump cylin- 
der underground throu^ the medium of long connect- 
ing rods. Needless to say, the arrangement was 
most uneconomical, but mining engineers had to be 
content with this jdant or face the problem of using 
steam in the mine. Under the circumstances it is 
not surprising that electrically driven pumps made 
so much headway, and it is now generally acknow- 
ledged that electricity is far superior to any other 
power for this particular duty. 

Pumping machinery may be divided into two main 
classes, (a) reciprocating pumps ; either of the ram or 
piston type, (6) rotary pumps ; known as the centri- 
fugal or turbine pattern. Both types are used for 
minii^ work and both are suitable for electric driving. 
Dealing first with reciprocating pumps we find that 
these are available in several forms, according to the 
purpose for which they are required, and the local 
ooi^tions with which tiiey have to comply. 
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The piston pump may be dismissed witlioat 
farther comment as it is now vety seldom nsed for 
mining work, and the type known as the " nun " is 
that always adopt«d when a reciprocating pomp is 
installed. 

The lam pump is single acting and has rams of cast 
iron, gunmetal, or other special material, workiiig 
tiiTOu^ glands. Such pumps are usually made with 
three cylinders or barrels side-by-side, and the rams 
driven by a three-throw crankshaft having cranks at an 
angle of 120°. This form of construction pves a 
practically continuous flow of water, and has no 
dead centres as is the case with a two-cylinder, two- 
throw pump, which is occasionally used in small 
capacities. 

The ram pump may be of the vertical, or of the 
horizontal pattern, the type selected for any particu- 
lar purpose depending, among other things, upon the 
amount of head room and floor space available. 

The speed of the ram pump is necessarily low and 
some form of speed reduction gear must he introduced 
when driving from an electric motor. For instance, 
a three-throw pump having rams, 8 in. in diameter x 
12 in. stroke, would run at about 40 r.pjn., thereby 
delivering about 260 gallons of water per minute, and , 
assuming a head of about 600 feet, a motor of 65 
B.H.P. would probably be required. 

Asuitable speed for a motor of this size is 760 r.p.m., 
so that it would be necessary to have a speed reduction 
of 750:40, or 18-75: 1. 

If gearing only be employed this most be of the 
double reduction type, and the usual practice is to fit 
a steel pinion on the motor engaging with a cast-iron 
machine-cut spur wheel on the first motion shaft. 
The second motion gearing will usually consist of 
cast-iron pinion and gear wheel, having machine- 
moulded teeth. Where floor space is no object a r<^ 
drive is sometimes employed in place of the first 
reduction gear. 



ELECTRIC PUMPING 109 

The turbine or centrifugal pump is so simple in 
principle that little description is required, bat 
it may be stated that this class of pump is at the same 



time most difficult from the designer's point of view, 
when any particular set of conditions has to be fid- 
dled to the best advantage, and at the highest poss= 
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ble efSdenoy. The plain centrifugal pump, with 
eiugle impeller, is only suited for smal delivery heads. 
In oaaea where water is to be delivered gainst greater 
heads, the turbine construction must he adopted. 

Fig. 26 shows a section through a multi-stage 
turbine pump, designed by Messrs. Jens Orten Boving, 
and constructed by Messrs. Willans & Robinson, of 
Rugby. These pumps may run at almost any speed 
according to the quantity of water and the head, a 
speed of 3,000 r.p.m. being not unconunon although 
about 1,500 r.p.m. is perhaps more usual. It will be 
seen that turbine pumps are eminently suited for 
electric driving, in fact it is probable that this type 
of pump would never have been developed at all had 
it not been for electric driving. 

The motoiB and pumps are direct-coupled, either 
throu^ a rigid or, more usually, a flexible coupUng, 
and the motor, together with the pump, are mount«d 
on a common cast-iron bedplate, thereby making a 
single rigid unit which may be easily transferred and 
erected where required. 

Selection of the best type of pump for any particu- 
lar duty is a very important consideration, and great 
care must be exercised. It may be well to consider 
here tiie limitations and relative advantages of the 
two types of pumps above referred to. 

The ram pump may be designed for practically any 
duty required in practice, but it must be remembered 
that the cost will be more than that of a centrifugal 
or turbine pump where the conditions are such as to 
permit the latter being used, and this difference in 
cost is all the more marked when a pump is required 
to deal with lai^ quantities of water at a relatively 
low head. Again, a ram pump requires more room, 
but, on the other hand, is more easily maintained, luid 
does not require any special technical knowledge on 
the part of those responsible for its behaviour. In 
tiie event of a fault occurring it can be remedied locally 
without loss of time and inconvenience. 
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The turbine pump, however, is different, and it is 
neoeesary that pumping setfi of thie character be in- 
stalled with great care, a^ any possible alteration in 
the conditions for which they were originally d^gned 
may render the whole plant useless. In this con- 
nexion it must be remembered that a centrifugal or 
turbine pump, designed for any partioular head, will 
not deliver above that head unless the speed be in- 
creased, loid, while with continuous current motors it 
is possible to increase the speed by means of shunt 
resistance, it would be quite impossible to effect this 
alteration with an alternating current motor. Further, 
any diminution in the head may increase the quan- 
tity of water far in excess of that for which the pump 
is designed, and this increase is often out of all pro- 
portion to the reduction in head, the result being that 
the motor is Beriously overloaded and may be burnt 
out. 

There are, however, turbine pumps on the market bo 
designed that the increase in quantity of water is more 
or less proportioned to the reduction in head, and with 
such pumps there would not be this possibihty of 
trouble due to the overloading of the motor. The 
characteristic performance of such a pump isshownia 
Fig. 27. 

A turbine pump is unsuitable for dealing with a 
small quantity of water at a relatively large head, 
and the beat conditions are realized when the quan- 
tity of water, in gallons per minute, is equal to the 
head, in feet. If the hmul, in feet, greaUy exceeds 
the gallons per minute, the efficiency of the turbine 
pump is low, and the cost, compared with a ram pump, 
less ^vourable, so that under these conditions it may 
be better to adopt a ram pump for such duty. 

Electric motors for driving ram pumps will usuaUy 
be of the protected, or totally enclosed type. On 
alternating current systems it is usual to adopt wound 
rotor nwchines with shp rings for ram pumps, where 
the torque at starting maybe considerable, the maolmM> 
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being used in oonnezion vith a rotor starting resist' 
anoe in the ordinary way. 

If plants are required to run oontinnonsly for long 
periods, it is customary to fit the motor witJi a short- 
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oireuiting and bmah hfting device, in order to save 
wear and tear on the slip ringa and brushes. With 
this device the machine is started up by means of a 
rotor starting resistance, and, when tike set ia running 
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at full speed the rotor windingB are short circuited 
by means of a lerer or knob at the end of the shaft, and 
the brushes raised off the shp rings. This not only 
reduces vear and tear, but, if the starting resistance 
happens to be placed some distance from the motor, 
there may also be a gain in efBciency, and less slip 
by reason of the elimination of losses in the rotor con- 
necting cables. It must not be foigotten, however, 
after shutting down such a motor, to re-set the short 
ciroTiiting and brush-lifting device, otherwise there 
may be trouble when it is required to start again. 

For alternating -current motors driving turbine 
pomps it is usual to adopt the short-circuited rotor 



Fio. 28. Auto TitANSFOiufEit Stakteb Diaqrau. 

form of construction, because this is more suitable 
for high speed working, and the cost is also less than 
that of wound rotor machines with slip rings. It is 
possible to adopt short-circuited rotor machines in 
connexion with turbine pumps because the starting 
torque is low, and the machines start light, the torque 
increasing as a function of the speed. 

The t<^ue during the starting period, with stop 
valve closed, corresponds approximately to on»-tihiid 
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full load torque ; then, if the valv© ia opened, the 
torque will gradually rise to the normal fuD load 
running torque. 

This method of etarting lends itself admirablj to 
the use of induction motors having short-circuited 
rotors, used in conjunction with an auto-transfonner 
starter or a star-mesh starter, whilst small sets can be 
switched directly on the mains, provided the current 
taken is not sufScient to disturb the supply system to 
any great extent. The usual arrai^ment of auto- 




Stab Mesh Stj^teb. 



starting transformers is shown in Fig. 28, and of 
Btar-mesh controllers in Fig, 29. 

A good deal of misunderstanding obtfuns in regard 
to the starting current and corresponding torque of 
three-phase induction motors having ehort-circoited 
rotors, and it may be as well here to clear up some of 
these problems. 

In order to understand the case aright it is necessary 
to realize that a motor of this type always exerts its 
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maximum torque at starting, according to the elec- 
trical conditions and quite independent of external 
load. This at first sight may appear incorrect, but 
when once it is realized that the maximum possible 
torque is utilized for accelerating the load, and the 
revolving parta of the motors, it vrill be seen that the 
matter at once resolves itself into a question of the 
time required for acceleration. 

If the motor has a heavy load to run up to speed the 
time required for acceleration will be greater thaji if 
the motor had only to accelerate its own mass, but 
the torque developed in either case will be the same, 
viz. , the maximum possible , depending upon the motor 
and the electrical conditions. 

The whole question of motor torque is bound up 
with the characteristics of the particular make dF 
motor adopted, but in any case it may be taken that 
the maximum torque is a function of the terminal 
voltage and varies directly as the square of the latter. 

As a general rule it may be stated that a motor can 
develop twice full load torque with normal volt^e, 
about full load torque with 70 per cent, of normal 
voltage, and ^load torque with 50 per cent, of normal 
voltage, according to the resistance of the rotor 
windings. 

In the first case the motor would be switched 
directly on the line, and the current taken Would be 
in the order of four times the normal running current, 
but assuming an auto-transformer is used in the other 
cases, with voltage ratios of 70 per cent, and 50 per 
cent., the current taken from the line will be approx- 
imately twice full load, and normal full load, rmming 
current respectively. 

Auto-transformers are usually provided with a 
number of tappings, any set of which may be utilized 
according to Wie percentage pressure and torque re- 
quired to suit the conditions of starting. Wth star- 
mesh starters the percentage voltage is, of course, 
fixed, and is given by the expression 100 times ■\/3=: 57 
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per cent., so that the machine started up in this man- 
. nerwilldevelopa little more than half -full load torque. 
It must be remembered that if star-mesh starters 
are adopted the motors must be provided with six 
terminals, aa shown in Fig. 29. 

With altemating-oujTent motors the speed is 
limited to a certain extent by the frequency of the 
supply system. The light loa4 speeds may be found 
£rom the formula — 

?^«Ue.p.m. 

When P is the frequency in cycles per second and P.P. 
the Qiunber of pairs of poles on the motor. Theoretic- 
ally P.P. may be any whole number, but there is a 
limit to tiie number of pairs of poles for construc- 
tional reasons. 

Generally spea-king, it is preferable to run alternat- 
ing current motors at as high a speed as convenient, 
in order to keep down expense, and at the same time 
obtain a better nLaohine. For any particular horse- 
power required it most be remembered that the slower 
the speed the lower will be the efSoienoyand also the 
power factor. 

The speed given by the above formula is that at 
which the motor will run without load. The full load 
speed will be slightly less than this, the difference 
l»tween the speeds at light load and full load being 
known technically aa " shp." This " slip " is usually 
expressed as a percentage, and its -niiie may be 
anything up to 8 per cent, for snuJl motors of 1 
B.H.P., to 6 per cent, in motors of 10 B.H.P. With 
still larger machines the slip may be only 3 per cent, 
for, say, 60-100 H.P. and even lower in the case <A 
very lai^ powers. 

The speed of alternating current motors is of 
course independent of the voltage except in the special 
cose referred to in detail in Chapter IX. When con- 
tinuous-current motors are employed the machines 
T^ be designed for any speed dseired. Then ma> 
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chines are usually shunt wound for both pitmger and 
also turbine pumps, but may be occasionaUy com- 
pound-wound in the former case, where it ia necessary 
to start up against a heavy load such as a long column 
of water in the dehvery pipe. 

The horse-power required to drive a pump o( any 
description is given by the formula — 
KP— WxH 
33,000 
Where W equals the weight of water raised pet 
minut«, and H the total head in feet. 

This ezpreBsion gives the theoretical or water horse- 
power and the result must be increased to allow for 
the efficiency of the pump. For instance, if the pump 
efficiency is 70 per cent., the water horse-power must 
be increased in the proportion of 70 : 100. 

In dealing with all pumping problems we constantly 

meet the expression " total head " which includes : — 

(fl) The head due to suction (i.e., height from 

suction level to pomp). 
{b) The head due to delivery (i.e., hel^t from 
pump to deUvery level). 

(c) The head due to pipe fiiction. 
All heights must of course be reckoned vertically. 
The head due to suction is hmited, and, with the 
barometer at 30 in. cannot be more than 33 ft. theo- 
retically. In practice it is necessarily less, because 
we cannot produce anything hke a perfect vacuum 
with ordinary pumping machinery, and with pipe 
lines and joints as usually constructed. It will be 
found that 24 ft. suction, including the head due to 
friction in the suction pipe, is all tliat can be expected, 
and it may often be found impossible to obtain as 
much as 21 ft. suction. 

With short suction and dehvery pipes the increase 
in head due to friction ia neghgible, and may be dis- 
regarded, but with long pipe lines it becomes an 
important factor and has to be reckoned with. The 
equivalent increase in head may be calculated from 
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well known formulae when the velocity of the water 
in the pipes and their internal diameter are known. 
This calculation, however, is rather laboriotts, and 
the following table has been prepared in order that 
the desired result may be obtained more easily. In 
using this table we only require to know the quantity 
of water delivered, in gallons per hour, together witi 
the internal diameter of the pipes proposed. Prom 
this table it will also be possible to determine the 
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600 
1,200 
1,800 

2,400 
3,000 
3,600 
4,S00 
6,000 
7.500 
9,000 
10,600 
12,000 
15.000 
18,000 
21,000 
24,000 
27.000 
30.000 
38,000 
42,000 
48,000 
54,000 
60,000 
75,000 
90.000 
106.000 
120,000 
160,000 


■0516 

•1158 
•2060 


■0017 
■0070 
■0168 
■0277 
■0426 
■0609 
■1089 
■1695 
■2660 


■0016 
■0038 
■0066 
■0105 
■0146 
■0259 
■0405 
■0626 
■0005 
-1360 
■1660 
■2500 


■0012 
■0021 
■0036 
■0049 
■0084 
■0134 
■0213 
■0299 
0450 
■OS20 
■0835 
1194 
■1622 
2109 
■2269 


0013 
■0020 
■0035 
■0066 
■0084 
•0129 
-0165 
■0216 
-0344 

0486 
-0660 
-0866 
-1075 
■1333 
■1916 
-2698 


■0016 
■0026 
-0039 
■0065 
■0078 
-0090 
0166 
0230 
-0310 
-0396 
-0496 
•0622 
-0892 
-1210 
■1669 
■1985 
■2460 


0013 

ooie 

0029 
■0039 

0055 
0079 
0116 
0156 
0204 
0256 
0314 
0466 
■0616 
0814 
101 B 
1266 
1969 
2836 


0011 
0016 
0022 
0029 
0045 
0064 
0085 
0116 
0144 
0174 
0261 
0345 
0446 
0564 
0710 
1110 
1560 
-2160 
■3780 


0010 
0013 
0016 
0027 
0039 
0055 
0068 
0086 
0106 
0148 
■0204 
■0266 
0336 
0426 
0665 
1066 
1353 
■1666 
2502 


0010 
■0015 
•0021 

0029 
•0034 

0042 
-0066 
■0084 
■0116 
-0136 
-0165 
•0266 
-0377 

0550 
■0664 
■1043 
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beat size of pipe to deal with any given quantity of 
wat«i. In addition to the increase of head by reason 
of pipe friction, it must not be foi^tten that bends, 
ch^ge of direction, or change in the size of pipe, 
may occasion some loss which must be allowed for. 

Another class of pump known as a " sinking pump " 
is used when it is required to tmwater a mine that 
haa become flooded. This sinking pump is not 
fixed but is suspended from chains in the shaft, and 
is towered a few feet at a time, as the water is pumped 
out of the mine. 

A sinking pump may be of the plunger or the 
turbine type. 

When a turbine t}^ of sinking pump is employed 
this is always of the vertical shaft pattern, the motor 
being direct-coupled above the pump, through a 
flexible coupling. This form of coupling is absolutely 
necessary with a vertical shaft pump and motor, in 
order to ensure that the weights of the parts (oe 
properly taken by their respective bearings. The 
pump bearings must be designed to ta^ not only the 
wei^t of the impeller, but also any thrust that may 
arise, while the motor bearings carry the weight of 
the armature or rotor only. 

Motors for sinking pumps of any description should 
preferably be of the totaJly-enclosed type or should 
at least be provided with an efSdent ^eld gainst 
water and dirt dropping down from above. 

If the motors are continuous current, they should 
be shunt or compound wound, while for three-phase 
work it is preferable to use machines with per- 
manently short-circuited rotors. This is to save 
tiie necessity of bringing an extra three-core cable 
up the shaft from the slip rings to the rotor starting 
resistance. 

Great care must be taken, in laying out a sinking 
pump instaUatitm, to see that the motor and pump 
are well up to the duty required and it is a great 
mistake to cut things fine for this class of work. If 
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there is a conBiderable run of cable from the generating 
station to the pump, due allowance must be made 
£or the pressure drop in this cable. With a con- 
tinuous current system tiie loss in pressure may 
cause the motor to run slow, and it will tiien be unable 
to pump the required quantity of water, while if the 
pump happens to be of the turbine type it may be 
impossible to get any delivery at all U the speed of 
the motor is much 1^ than that for which tiie pump 



With an alternating current system, the loss in 
pressure will seriously afEect the starting torque 
(whioh varies as the square of the pressure at the 
motor terminals) and the Author has known of cases 
where great trouble was experienced at starting due 
to this cause. 

It is not always commercially practicable to so 
increase the size of the connecting cable as to limit 
the pressure drop to say 5 per cent., but it is always 
possible to calculate the actual voltage delivered at 
the motor terminals and design the machine for 
this pressure. This is a point that should have 
attention in all cases when motors are placed at a 
great distance from the power station, especially 
if continuous-current motors are used for driving 
turbine' pumps, as these are very sensitive to com- 
paratively small variations in speed. 

It must not be forgotten that all centrifugal or 
turbine pumps require priming, that is to say the 
pump casing and suction pipe must be flooded with 
water before the pump wUl act. This priming may 
be done from the main dehvery pipe in some ca«eB, 
or the pump casing mav be filled from any water 
supply system, a special chai^ng or priming cock 
being provided on the casing for this purpose. It 
is needless to 8tat« that a non-retum valve must be 
provided at the foot of the suction pipe to retain the 
water. 

The installation o f a sinking pump for unwatering 
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a mine is an expensive matter, especially if the plant 
has no further use after completing the duty for 
which it was purchased. Por this reason some 
makers now design plants wliich can he used as 
permanent pumps at the bottom of the shaft aft«r 
sinking operations are completed. Ab already 
mentioned, in the case of a turbine pump it is only 
possible to seouie the best efficiency when the plant 
is working under the exact conditions foi which it had 
been designed, and, consequently, any great altera^ 
tion in these conditions means considerable loss in 
efficiency. 

Now it is evident that in a sinking pump installa- 
tion the conditions vary very much, inasmuch as 
the head may be only a few feet when commencii^ 
to unwater the mine, and may increase to several 
hundred feet at the finish of the operation. 

The pump must obviously be designed for the 
maximum load, which only occurs when the plant 
is pumping from the very bottom of the pit. With 
a plunger pump the motor will run continuously at 
full speed, and the horse-power absorbed will adjust 
itself more or less to the work done. A^th a turbine 
pump the case is very different, and it is necessary 
to vary the speed of the motor in order that the 
pump shall dehver the required quantity at the vari- 
ous heads, or, alternatively, a throttle valve must 
be used on the dehvery pipe which is equal to an 
artificial head. Speed r^ulation is impossible with 
polyphase motors of the short-circuited rotor type, 
and is difficult to carry out or is inefficient with other 
types of motor. Undir the circumstances we usually 
regulate by the throttle valve on the delivery pipe. 
This arrangement is also inefficient as the motor is 
practically working at full load when the pump is 
delivering at a few feet head. For very large instal- 
lations, where efficiency is of first importance, multi- 
stage turbine pumps may be used, one stage only 
being employed say for the first 60 ft., the second- 
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stage, third Btiige, etc., being added as the pomp 
gets deeper and deeper in the shaft. This plan main- 
tains a high efficiency throughout the complete 
operation of tmwatering a mine. 

A Binking pump must of course be provided with 
a winch, and wire rope, or chain, for supporting the 
complete plant from the top of the shaft. The con- 
necting cables must be of rubber in order to be flexible, 
the two or tiiree conductors being formed into one 
cable, and suitably armoured and protected from cor- 
rosi<Hi. A suitable cable drum must be arranged 
for at the top of the shaft to pay out the cable as 
required. 

In mining work it is sometimes necessaiy to provide 
small dip pumps and portable pumps for use in the 
woj^ings. These are often built up on a four-wheel 
truck to facilitate transport. These pumps do not 
call for special comment. They may be of the 
plunger or turbine pattern, driven by continuous 
current or polyphase motors. If flexible connecting 
cables are used for portable pumps, the reader is 
referred to the remarks in Chapter V in reference to 
these cables. 
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CHAPTER VIII 

ELECTRIC COAL CDTTING AND DRILLING 

Elbctbio Goal Cutting is yet another example of 
the machine displacing hand labour, although in this 
case the mining engineer usually regards it as a 
device for not only cheapening the cost of getting 
coal, but also enabling him to obtain a greater quan- 
tity from a given workii^, than would be possible 
with hand labour. Coal cutters therefore re^y 
increase the capacity of a mine provided the haulage 
plants are capable of dealing with the quantity 
required and the winding engines are designed to 
bring the desired amount to the surface. If one 
or other of these agencies, however, is not sufficient 
for its work, then the quantity of coal brought up 
must depend upon the slowest, just as the strength 
of a chain is that of its weakest link. 

In actual practice it is found that, with a given 
working face, three times the output may be obtained 
if coal-cutting machines are employed instead of 
hand labour. 

In addition to increasing the capacity of the mine, 
and cheapening its working, there are otiier considera- 
tions in favour of coal-cutting machinery which will 
appeal to mining engineers, and machine working 
is gradually taking the place of hand labour. 

Before passing to the electrical aspect, it will be 
as well to mention t^e three distinct types of cool 
cutters used, according to local requirements. These 
are respectively known as " The Oiain," " The Bar," 
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ftnd the " Disc Type," each having ita ovn pectiliar 
advantage in practice, although of course each 
particular maker has special claims for his own 
pattern of machine. 

The design of the electric motor for driving coal 
cutters has presented many problems, owing to the 
severe conditions under wluch it is required to work, 
and to the necessity for restricting its dimensions 
to a degree which renders it difficiSt to obtun the 
required power. 

The standard electric motor will not do at aU, 
and the coal-cutter motor (like the traction motor) 
is a speciality, designed for its own particular purpose. 
It goes without saying that the machine must be very 
well built ; the shaft must be extra strong, and the 
magnet coils rigidly fixed to the pole pieces, as the 
vibration is at times excessive. The motor is of 
course totally enclosed, and must be designed to 
work under the required conditions, without an 
excessive temperature rise. 

The starting gear, too, must be of strong and 
robust design, Uberally rated for its duty, and suitable 
for rough usage. A starter, or controller of the drum 
type is best, having all parta enclosed in a strong 
iron case, and operated by an external handle or 
hand wheel. 

All early coal-cutter motors were of ^the continuous- 
current type, and, tt& may be expected, trouble was 
experienced in connexion with the commutator and 
brush gear. Many coal-cutting machines have been 
made lately with three-phase motors having per- 
manently ^ort-circuited rotors, and such machines, 
when a three-phase supply is available are distinctly 
advEuitageous. The starting gear for these three- 
phase motors is of the 6im]^e8t possible deacription, 
consisting of a plain triple-pole switch in a cast-iron 
case, by means of which the rotor is switched direct 
on to the circuit without the use of any resistances, 
the current token from the mains imt^r these con- 
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ditions being eq^nal to about three times the full load 
mnning cuirent of the motor. This mode of starting 
is perhaps more suitable for the bar than tor the 
diao and chaJn types of cutter, because the former 
starts oomparativelj light, while the latter require a 
considerable starting torque. In a three-phase motor 
it i8 only possible to obtain a high starting torque 
1^ employing a high resistance rotor, or, what comes 
to the same thing, a resistance in the rotor circuit. 
This, therefore, means that for disc and chain ma- 
ohines three-phaae motors with wound rotors must 
be employed in conjunction with rotor starting 



With continuous current motors some coal-cutter 
makers use series-wound machines which have the 
advantage of a high starting torque and good overload 
capacity which are very useful since the machine 
may Jam or meet some unexpected obstruction in 
cuttii^. The speed of the aeries motor of course 
falls considerably in the event of an overload, but 
this is perhaps an advantage, because the total horse- 
power used is consequenUy less than if the speed 
remained constant, and therefore the emergency 
demand from the mains is also less. 

Other maters recommend shunt motors, which 
have the advantage of maintaining an approximately 
constant speed, even when r unnin g quite light, under 
which circumstaDcea the series motor is at a disad- 
vant^;e because its tendency is to race. 

Compound-wound motors are also used, and it 
would seem that they are the most suitable, as they 
possess the characteristics of both shunt and series 
wound machines. 

Motors for bar coal-cutters might be shunt wound, 
or have a light series winding, whilst those for disc 
and chain machines would be compound-wound with 
a heavy series winding, or t^ey might be described 
as series-wound machines with a hg^t additional shunt 
winding, soESoient to prevent racing on light load. 
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Ab Hie electric coat cutter is essentiaUj' a portable 
machine, it cannot be permanently connected to 
the Bupply system. This means that a length of 
flexible cable is required, of sufficient length to follow 
the machine in its work, one end being attached to 
the machine and the other terminating in a suitable 
connexion box, fixed, and permanently connected 
to the main supply system, at the nearest point to 
that where the coal cutter is at work. 

In accordance with Home Office regulations, which 
state that motors of coal cutters and otiier portable 
machines shall not be used at a pressure higher than 
medium pressure, it follows that the voltage never 
exceeds 6S0. The trailing cables are specified to be 
specially flexible, heavily insulated, and protected 
with either galvanized steel rim armouring, extra 
stout binding, hose pipe or other effective covering. 
It is also imperative that these trailing cables be 
examined at least once in every shift. 

At the point where the connexion box is fixed, 
it is also necessary to provide a switch, capable of 
entirely interrupting the supply to the terminal or 
connecting box, tmd consequently, to the coal-cutter 
motor. 

The power required usually varies between 15 
H.P. and 20 H.P., although much depends upon the 
make and type of machine and the duty put upon it. 

In this section we also include electric drills for 
colliery work, although it must be admitted that the 
field for this type of drill is somewhat limited. The 
compressed air drill has been used almost exclusively 
for colliery work until recently, in fact even now 
compressed air drills are still desirable for certain 
operations. 

Electric drills for colliery work are of two distinct 
types, viz., " rotary " and the " percussive," the 
latter being expressly suitable for rock, and very 
hard material, where a rotary drill would not make 
any impression, 
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The former nsuallyconsiBtB of an ordinary motor, 
either of the continuous or three-phase alternating 
current type, driving the drill throngh the medium 
of gearing or a flexihie shaft. In some cases the 
drilling machine is mounted on a four-wheeled truck, 
but in other situations it may he more suitable to 
attach the drill to a rigid stand, fixed in position by 
means of stays, or wedged between the floor and 
roof of the workings, the power being communicated 
from the motor by means of a flexible shaft, or through 
universal Joints. 

These machines are fitted with steel drills for deal- 
ing with soft material, and diamond drills for medium 
rocks. When hard rocks have to be negotiated the 
percussive drill is employed. This type is recipn> 
cating and, oonseq^uentiy, ill adapted to a rotary 
motor drive. 

In one form electricity is made to act electro- 
magnetically upon a steel plunger, no motor being 
employed. Two coils or solenoids are provided in 
the dnll casing, and eneigized alternately by current 
from a special generator, causing the steel plunger 
to oscillate between them, with a slight rotary move- 
ment due to rifling of the plunger. This drill makes 
between 300 and 400 strokes per minute, and as 
several such machines may be used in conjunction 
wit^ one special generator, the system becomes 
extremely flexible. 

Other forms of percussive drills cmi neither be 
termed electric nor compressed airdrills,but are essen- 
tially a combination of the two, an electrically 
driven air compressor being used whilst the drill 
proper is <d a simple pneumatic type. 

Despite the great advances mtide in connexion 
with electric coal drills in the past few years, there 
are those who still favour the compressed fur pattern, 
but it remains that in most of these cases the air 
compressors are electrically-driven if electrical energy 
is available, for economical reasons. 
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With regard to the supply of electricity for drills, 
thera is not mnch to be said, except that it must 
be of low or medium fension, and tiiat the general 
rulea relating to the uae of portable machines in 
mines must be observed. 

Flexible cables are of course employed to a great 
extent and the some rules apply as mentioned above 
in connexion with electric ooal cotters. 
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CHAPTER IX I 

ELECTRIC VENTILATING 

Wk now come to another branch of mining work to 
which electricity haa been applied with most favour- 
able results, namely, ventilation. 

Gbnbbal Kulb No. I of the Coal Mines Act, re- 
quiies that an adequate amount of ventilation shaJl 
be constantly produced in every mine, to dilute, and 
render harmless, noxious gases, to such an extent 
that the working places of tiie shafte, lures, stables 
and workings of the mine, and the travelling roads 
to and from these working places, shall be in a fit 
state for working and parsing therein. 

In earlier days it was customary to obtain the 
necessaiy ventilation by moans of a fumaee placed 
at the greatest poBsible depth adjacent to the upcast 
shaft. This method worked well when the workings 
were short, and consequently offered smaJl resistance 
to the passage of the gases ; but in mines having long 
air courses, with a correspondingly high resistance, 
the pressure obtained by means of the furnace is 
insufficient to induce the necessaiy change of air. 

In these cases mechanical ventilation must be 
employed, and the first step was to instal lai^e fans, 
usually direct coupled to steam engines, and running 
at a. alow speed. These, it must be admitted, were 
reliable, but very bulky and inefficient, so that it 
is not surprising that their place is being taken by 
smaller, high speed, electrically-driven fans. 

The fans usually adopted are of the centr 
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type, which has now been brought to a high pitch 
of perfection. They are either direct-coupled to 
the motor shaft, or driven by means of belt or ropes. 
The fan consists of a runner, or jmpeUer, enclosed 
in a spiral casing very similar to that of a centrifugal 
pump, and, if the motor speed is suitable, this runner 
is often moontcd direct on the motor shaft, the motor 
itaelf being placed close up E^aJnst tlie spiral casing. 
This arrangement has the advantage of being cheap 
and compact, while there are only the two motor 
bearmgs to lot^ after and lubricate. A combination 
bedplate is arranged to cany both motor and fan 
casing. 

It must be understood that the diameter, width, 
and speed of the fan, are determined by the quantity 
of air, and pressure required for ventilating any 
particular mine. The electric motor driving the fan 
must then be designed to suit these conditions. In 
many cases it happens that a fan, running at a com- 
paratively slow speed, is necessary to fulfil certain 
conditions, in which case it may be preferable to 
instal a belt or rope drive from a high speed motor, 
instead of a direct drive from a large, and conse- 
quently more expensive slow speed motor. 

We need not concern ourselves here with the 
design, speed, or diameter of fans for any particular 
service, all of which details may safely be left to the 
fan maker ; but it will be useful to determine the 
horse-power required to drive a fan dealing with a 
given quantity of air at a certain pressure. 

Let V ^= the capacity of fan in cubic feet per minute. 

Let P =^ the pressure, usually measured in inches 
(water gauge). 

Then the theoretical horse-power will be given by 
the expression H.P. — V x P X 5-2 -|- 33,000. 

The constant, 5*2, is the weight of one square foot 
of water, one inch deep, which is the equivalent of 
1 in. (water gauge). The actual horse-power required 
to drive the fan must, of course, be increased to cover 



ELECTRIC VENTILATING 131 

the loss ia conTersion ftiid the efficiency ol a well 
designed fan will be in the neighbourhood of 70 per 
cent. 

If continuous-current motors are adopted it is 
usual to provide ahunt or compound-wound machines, 
and it is advisable to instal a shunt regulating resist- 
ance in order that the speed may be adjusted to suit 
the exact conditions. 

When three-phase motors are employed, these 
may with advanti^ be of the Bhort-circuit«d rotor 
pattern, in order to save the wear and tear of slip 
rings. In such case the motors would start up light 
in conjunction with an auto-transformer starter. 

In installing fans one point must not be lost sight 
of, namely, the requirements of General Rule No. 3 
of the Act, in which it is stated that, when a mechan- 
ical contrivance for ventilation is introduced into 
any mine, it shall be in such a position and placed 
under such conditions, as will tend to ensure its 
being uninjured by an explosion. 

It frequently happens in connexion with mine 
fans, that some method of reducing the capacity is 
required during holidays and week ends, and this 
may be easily achieved by reducing the speed of the 
fan and motor. With continuous current motors 
the necessary speed regulation may be obtained by 
means of resistance in series with the armature, or, 
if a more economical method is preferred, by regula- 
tion of the shunt field winding, although the latter 
method means that a larger and consequently more 
expensive motor will be required. 

With tJiree-pbase motors having wound rotore 
and slip rings, speed regulation may be obtained by 
means of rotor resistance, which is analogous to the 
continuous-current motor regulated by resistance 
in series with the armature. With three-phase 
motors having short-circuited rotors, regulation in 
speed may be obtained by varying the pressure at 
the terminals. This may be effectM by means of a 



132 ELECTRICAL MINING INSTALLATIONS 

controller and resistance, or hy tua auto-traneformer 
or chokmg coil, the latter method having the advan- 
tage of a higher efficiency. 

It must not be assumed that this method of speed 
regulation can be adopted for any three-phaee motor 
of the short-circuited rotor type, operating on any 
load. We have already seen that the maximum 
torque produced by any three-phase motor varies in 
proportion to the square of the voltage ; in order 
therefore to secure stable speed regulation it is 
necessary that the torque required to drive should 
vary in proportion to some hi^er power of the speed. 
In the case of the fan, the torque required to drive 
varies as the cube of the speed ; hence the necessary 
condition is fulfilled for this particular purpose, 
and the method may be adopted for fan driving. 

There are other methods of speed regulation in 
connexion with three-phase motors sometimes used 
when these machines are required to drive fans. 
The moat important is that known as the " cascade 
system " and is analogous to the well known series- 
parallel control for continuous current machines. 
Two similar motors are used, and normally run in 
parallel at full speed. When connected in cascade, 
the rotor windings of one motor must be connected 
to the starter of the other. 

Under these conditions the first motor is acting 
- partly as a motor and partly as a transformer. One 
half of the energy received from the line is converted 
into mechanicaJ enei^ by the first motor, which 
runs at half speed, and the other haU is transmitted 
■ electrically to the second motor, at half the frequency 
of the initial supply. Both motors will therefora 
run at half speed, and develop nearly full torque, 
the energy required from the Une being the same 
as would be necessary to drive one motor alone. 

The method of speed control is very efficient, bat 
there is no interm^ate regulation between full and 
half speed. But in casea where this amount of 
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regulation is desirable, and the complication of two 
motors is not objected to, the fiystem lenda itself 
admirably to the purpose of driving mine fans. 

Another method of varying the speed of three- 
phaae motors is by changing the nmnber of poles. 
This ^so is an efficient method, but no intermediate 
steps between full speed and half speed can be 
obtained. 

In actual practice the number of poles is changed 
by paralleling adjacent poles. Por instance, assum- 
ing an eight-pole motor, running at a speed of 750 
revolutions per minute (synchronous speed). On 
a 60-cycle circuit the poles will be arranged in the 
order, N.S., N.8., N.S., N.S. By paralleling adjacent 
poles we now obtain, N.N., S.S., N.N., S.S., which 
would constitute a four-pole motor, having broad 
poles, and running at a speed of 1,600 revolutions 
per minute. 

Special switch gear is necessary to effect the change 
in the number of poles, and the extra complication 
is somewhat expensive, so that the method is rarely 
employed in actual practice ; but in cases where it 
is applicable, it has the advantage of being efficient, 
and, further, only one motor is required, as against 
two (or the cascade system of control. 

When fans are direct coupled to three-phase 
motors, only certain speeds are possible, depending 
upon the frequency of the supply, and the number 
of poles on the motor, full particulars of Which are 
given in Chapter VII, dealing with electrically driven 
pumps, and to which the reader is referred. 
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CHAPTEE X 

ELECTRIC WINDING 

WiTttra the last ten years there has been a great deal 
of discussion as to whether main winding by means 
of electric power is commercially practicable. Col- 
liery managers who have adopted electric power for 
havdiog, pumping, ventilating, and coal cutting, have 
hesitated to instal electric winding engines for main 
winding. 

On the Continent progress has been more ra^d, 
and, consequently, there are a large number of main 
winding engines abroad, in regular service, demon- 
strating that electric power can be used with economy 
and real success for this class of work. 

The only competitor is the steam winding engine, 
which has now been in use for so many years, and 
may still be seen in most of our British collieries. 
But one by one we hear of electric winding engines 
being installed, and there is no doubt that, as the 
merits of the electric winder become more fully 
rec<^nized, it wiD be adopted tor all our important 
collieries. 

A great deal has been written on this subject ; but 
mostly on the question of electric versus steam wind- 
ing, and it is not intended to discuss the relative 
merits of the two systems here. Suffice it that it 
has been proved that electric winding is decidedly 
more economical for all important collieries, dealing 
with a good class of coals ; but it is questionable 
whether it would pay to put down an erpeosive plant 
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to deal with ooat which has only a small market 
value. In auch cases actual economy in working is 
less important, and one can afford to use auch cool 
uneoonomically for raising steam. 

The subject of electric winding is most interesting 
because of the peculiar nature of the problems in- 
volved. It will be seen that the principal difficulty 
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FiQ. 30. WiNiiiNQ Enoinb Load Curve. 

hes in the widely ffuctuating load, which may vary 
from zero to 2,000 H.P. or more, in a few seconds 
according to the weight, speed of winding, and 
acceleration. 

The curve. Fig. 30, conveys a good idea of the 
load variation in actual practice, and it will be seen 
that the conditions are not ideal from an electrical 
standpoint. In order to take care of the widely 
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fluctuating load, and preserve as nearly as poesible 
a ateady load on the generating plant, all main wind- 
ing syetems of any size include wiiat is known as an 
" equalizer," or a flywheel storage system as described 
later ou. 

Let ufl first conaider the case of a winding pluit 
where the power required is comparatively small 
and where a simple motor and controller can be 
adopted withoat a load equalizer. The leading 
particulars are usually obtained in the following 
form : — 

Depth ot shaft 400 feet 

Total amount of coal per day . . 260 tons. 

No. of working hours per day . 8 hours. 

There are obviously several ways in which the above 
conditions may be complied with ; but for the pur- 
poses of our calculation, we will assume that it has 
been decided to allow 65 seconds for each wind, that 
is, say, 65 winds per hour. It will thus be necessary 
to raise 10 cwt. of coal at ea,Gh wind, in order to bring 
up the 260 tons in a working day of eight hours. 

These particulars, together with the weight of the 
cage, hutches, and rope, may then be put down as 
follows : — 

AscENDiNa Load at couuencement of Wnm. 



Weight of rope . . . . .10 cwt. 

Weight of caga and hutches .15 cwt. 

Weight of coal . . , .10 cwt. 

Total . . . .35 cwt. 
DKSCBHDiMa Load at coMHKHCEMBtiT OP Wind. 
Weight of rope ..... 
Weight of cage and hutchea . . .15 cwt. 

Total . ... .15 cwt 

It will next be necessaiy to consider the speed of 
winding and acceleration of the load. Bearing in 
'nind that this is a small winder, and that we are 
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only employing a simple motor and controller, with- 
out any equalizer or flywheel storage, it will be as 
well to allow as long a period aa posBible for accelera- 
tion, in order to prevent any wide variations ol load 
on the generating plant. 

Assuming that ten seconds wiU be required at the 
end of each wind for loading and imloading, this will 
leave forty-five seconds for the actual wind, which 
corresponds to an average winding speed of d35 ft. 
per minute. 

We therefore set these particulars down as fol- 
lows : — 

No. of winds per hour . . 6S. 

Time required for each wind . 66 seconds. 

l^me required for banking . 10 seconds. 

Time required for actual wind 45 saconda. 

Average winding speed . . 536 ft. per minute. 

The next thing to decide is how to proportion the 
time for acceleration, full speed period, and retarda- 
tion, which, together, make up forty-five seconds. 
Bearing in mind that we wish to prevent any wide 
variations in load on the generating plant, it will 
sufiBce to allow ten seconds, twenty-five seconds, 
and ten seconds respectively for the three operations 
named above. From these we are now able to cal- 
culate the actual acceleration, the maximum winding 
speed, and the horse-power required at all periods 
throughout the wind. 

The calculation necessary to arrive at the horse- 
power required at various points during the wind is 
somewhat complicated by the rope, which is all 
against the motor at the commencement of the wind ; 
but which is gradually passing from the ascending 
load over to the descen(&Qg lc»4, and may in some 
instances actually assist the motor towards the end 
of the wind. 

The best way to deal with the matter is by plotting 
a curve, and we will now calculate the horse-power 
required at four points of the curve. The ma xim u m 
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horse-power oocors at the end of the acceleration 
period, and is composed of the horse-powei required 
for acceleration, fdus that required for lifting the 
load at the maximum winding speed, which we have 
yet to determine. If the acceleration and retarda- 
tion are constant, it is evident that the average speed 
of winding during these periods is equal to half the 
maximum winding speed, and that the distance 
traversed by the load will be equal to half the maxi- 
mum speed multiplied by the time. 

From this we can find the maximum winding speed. 

Total length oi wind. 

Half acceleration period -f- full speed period -|- half 
retardation period. 

In our case this will be as follows : — 

400 ft. which equals 11-4 ft. per second, or 690 
5 -h 25 -I- 5 ft, per minute. 

As the distance traversed during acceleration is equal 
to half 690 ft. per minute, multiphed by ten seconds, 
we find that 57-5 ft. of rope will have been transferred 
from one side of the system to the other at the point 
where maximum horse-power occurs, that is, at the 
end of the acceleration period. 

A weight corresponding to this length of rope must 
therefore be subtracted from one side and added to 
the other. 

If 400 ft. of rope wei^ 10 cwt., 57-6 ft. equals 
1-44 cwt., which leaves 8-56 cwt. on the side with 
the load. 

The loads to be dealt with at this point will be as 
follows : — 

Weight oE rope 

Weight of cages and hutch 15c 

Weight of cool . . 10 c 



TotalB 33-68 cwt. 10-44 cwt. 

Difference in loads 17-12 cwt. = 1,920 lb. approxi- 
mately. 



ELECTRIC WINDING 139 

a.P. required ^'-^gfJb-XgO ft- P^r min. 
^ 33,000 lt.-lb. per min. 

= 40 H.P. approximately, 
Wfl now want to calculate the horse-power required 
for acceleration. Since we obtain a speed ol ^0 ft. 
per minute in ten seconds, the acceleration is 690 -^ 
10:= 69 ft. per minute per second, or say 1-16 ft. 
per second per second. 

Now from elementary principles of mechanics we 
know that a force of 1 lb., acting on a mass of i lb., 
will produce an acceleration of approximately 32 ft. 
per second per second, so that in our ca^e the pull 
on the rope, due to acceleration, will be : Equal to 
the total mass of t^e two cages, the whole of the 
rope, plus the coal, multiplied by the acceleration of 
the load, and divided by the acceleration due to 
gravity. 

Th.ti,,y001K^5^200 1b. 

The horse-power, at full speed, required for accelera- 
tion will be : — 

200 lb. X 690 ft. per min . _ 4.3 « P 
33,000 ft.-lb. per min. ' * 

The above figures represent theoretical lesulta, and 
the hoiee-power due to gravity must be increased to 
allow for friction, while the horse-power due to 
acceleration must be increased to allow for the inertia 
of the drams and gears of the winding engine, as well 
as the pit head sheaves, and a certain amount of 
extra rope. In an important case it would be neces- 
sary to calculate these items separately, and add 
them to the total ; but in this case the amounts in- 
volved are small and we can make an allowance for 
same. 

In this case we can assume an efSciency of 70 per 
cent, for the winding engine, which will cover the 
friction of the rope and guides, while we will increase 
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the horse-power due to acceleration by 40 per cent, 
to cover the inertia of the parte not taken into account 
in the foregoing calculation. 

This makes horse-power due to gravity ^^ approxi- 
mately 37 H.P., and the horse-power due to accelera- 
tion — 6 H.P. 

The total of these resulto gives us the first point 
(a) on the curve (Fig. 30), wMIe the second point (6) 
iB that corresponding to the horse-power due to 
gravity only. 

The next point to calculate ie the horse power at 
the end of the full speed period, and to obtain this 
we must first ascertain the load on each side of the 
system. Proceeding as before, we obtain the loads 
to be dealt with at this point as follows : — 

Ascending. Dacatdiue. 

Weight of rope . , 1-44 cwt. 8-56 cwt. 

Wei^t of cages and hutches 15 cwt. IG cwt. 

Weight of oofd . , 10 cwt. cwt. 



Totals 2844 cwt. 2366 cwt. 

Difference in loads, 2-88 cwt. = 322 lb. approximately. 
H.P. required = ^2ib^690Jtper^n. 
^ 33,000 ft.-lb. per min. 

= 6'7 H.P. approximately. 

Allowing 60 per cent, efficiency at this point, we 
obtain 11 H.P. 
This, then, is the third point (c) on our curve. 
After this, power is cut off, the brakes are applied, 
and the retardation period begins. The horse-power 
must now be considered as having a negative value. 
The horse-power at this point is entirely due to 
the inertia of the load, togetiier with the drums and 
gears, pit head sheaves, etc., and may be calculated 
in exactly the same manner as given above for ac- 
celeration. In our particular case, however, we have 
taken the same length of time for acceleration, as for 
retardation, and the horse-power will ther^oie be 
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the Bame, namely, 6 H.F., including the inertia of 
the dmmB, gears, pit head eheavea, etc. This, being 
reckoned as negative power, is plotted below the zero 
line, as shown in tlie complete curve Fig. 30. 

Owing to the particularly low speed of winding 
chosen. It will be seen that tiiere will bo insufficient 
kinetic energy in the system to bring the load to rest 
at the proper place, if the current is cut off at the 
point marked ; and it will therefore be necessary, if 
these values are adopted, to reduce the power gradu- 
ally, as the load approaches its destination, the cur- 
rent being cut off and the brakes applied within four 
or five seconds only of the end of the wind. 

All winding engines are provided with a depth 
indicator, so that the driver can see at a ghuice the 
position of the cages, and, from this, he knows when 
to cut off his current and apply the brakes. 

The above example represents a very simple case, 
but the method adopted will be the same for all. 
The shape of the ciu've will, however, vary greatly 
according to circumstances. For instance, with a 
high winding speed, and a short acceleration period, 
the curve would have a very high peak at starting, 
while, with a very deep pit, the weight of the rope 
may be sufficient to assist the motor towards the end 
of the winding period, and the brakes will not only 
have to absorb the kinetic energy, but will have to 
bring the load to rest against the extra pull of the 
descending cage and roi)e. 

With very deep pits the great length and weight 
of the ropes against the load at starting puts a big 
strain on the motor and generating plant, and, for 
this reason, it is sometimes customary to balance the 
main rope by a tail rope below the cages. Another 
method is to use a conical drum, so that the ascending 
load starts to wind on a small diameter, while the 
descending load commences to unwind on a large 
diameter, thereby wholly or partially balancing t£e 
unequal lengths and weights of the ropes. 
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In our example we asBumed a parallel drum, which 
is the pattern usually adopted ; but, for a very deep 
pit, the parallel drum has to be of considerable dia- 
meter in order to accommodate the necessary amount 
of rope, for it is unusual to arrange the rope in more 
than one layer on tlte drum. If the dram is too 
wide there is difficulty on accoimt of the angularity 
of ropes and head gear puUeys, and this has a detri- 
mental effect on the life of the ropes. 

Fig. 31 shows the various types of drum designed 
to overcome these objections. 

" A " is the plain parallel drum, which is the 
simplest pattern, the ropes being wound in opposite 
directions so that one unwinds as the other winds up. 

" B " shows the conical drum, which commences 
to wind the full cago, and long rope, on a small dia- 
meter while the empty cago and sltort rope are sus- 
pended on the large. The diameters of this type of 
drum are so chosen that the ropes will balance 
throughout the whole of the winding period. The 
chief objection to the type is its large diameter and 
great weight, which of course make the drum itself 
very expensive, while all the energy put into the 
drum at starting to bring it up to speed must be 
wasted by braking when bringing the load to rest. 

"C" depicts the spiro-parallel drum, which is 
reaUy a compromise between the conical and the 
parallel patterns. It is practicidly a parallel drum, 
but, at either end, there will be a tew turns of the 
rope on the small diameter, which quickly ascends 
to the parallel part of the drum in three or four revo- 
lutions. The heavy load starts to wind up on the 
small diameter, while the light load winds off the 
large diameter. The ropes wiU not be balanced 
throughout the wind as with the conical drum, but 
the conditions are in favour of starting at the com- 
mencement, and also in favour of stopping at tiie 
end of the wind. The drum is smaller in diameter, 
lighter, and cheaper thaji the conical drum. 
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" D " shows tihe Keope pulley which has the merito 




WiiJDiNa Dkctus. 



of simplicily and of light weight. It consists of a 
^ni|do grooved pulley in which the rope lies, one cage 
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being attached to each end of the rope, and balancing 
effected by means of tail ropes. The system has 
not been used in this country because of the possi- 
bibty of the rope breaking, in which case there is 
nothing to save both cages from falling. Other 
modifications have been tried, one of which is known 
as the " Whitting " system, but it is not likely to 
come into use in this country for collieries. 

" E " indicates the reel drums as used on the Con- 
tinent. In this case the ropes are flat and can be 
arranged to balance, while the dnima are com- 
paratively light. 

With electric winding engines the shape of the 
drum determines, to a great eictent, the shape of the 
horse-power curve, and also the maximum loads that 
are hkety to occur on the motors and generating 
plant. 

The speed and acceleration also have a great in- 
fluence in dotormining the shape of the horse-power 
curve ; and all these points can only be decided upon 
for any particular installation, when full particulars 
of the duty required and limitations of the mine are 
available. 

Briefly, the chief object is to bring up the required 
amount of coal in the given time, with as small an 
expenditure of energy as poasibk, consistent with 
maintaining a good average continuous load on the 
generating plant. 

In most cases it is only possible to arrive at the 
best solution after several trials on paper ; but before 
one can attempt the problem, full particulars regard- 
ing the capacity and Umitations of the mine musk 
be available. 

Most mines in this country are considerably deeper 
than that in our example, and, in order to bring up 
the full amount of coal in the given time, quick wind- 
ing speeds and high rates of acceleration must be 
adopted. The amount of coal that can be brought 
up at a time is limited by the capacity of the tiooks 
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used, this capacity being dependent apon the tiiick' 
neas of the seams worked. 

The diameter of the shaft detormiDes the number 
of trucks per deck, while the method of handlii^ 
the trucks fixes the time required at each wind for 



In a deep mine a rope speed of forty miles ui hour 
is not uncommon, while ihe acceleration may be 6 ft. 
per second per second. An electric winding engine 
to deal with a heavy load under such conditions 
presents a difficult problem, and several patented 
systems have been brought out, the chief featiu« of 
which is the flywheel storage plant. With this ar- 
rangement, the generating plant runs under approxi- 
mately even load all day, the heavy demand for power 
during the acceleration period being taken from the 
flywheel set, this energy being put back during the 
time current is not required on the winding motor, 
thereby preserving sn approximately even load on the 
generating plant. 

Motors operating electric winding ei^ines may be 
of the continuous current, three-phase, or two-phase 
type. If the plant is simple, the motors may be 
controlled by means of a standard controller aa de- 
scribed for haulf^ gears. One poiiLt must not be 
lost sight of in connexion with the design of the 
resistances. They must allow of running the motors 
at a suitable speed for lowering and raising the men, 
and they should also be capable of giving a very slow 
speed for examining the shaft. 

The brake gear must necessarily be well designed, 
and, in addition to the ordinary service brake, an 
emei^ncy brake is usually provided, this being set 
in action by the winding indicator if the driver fails 
to stop the cages in time. It is also usual for the 
emei^ncy brake to come into operation when the 
speed exceeds a predetermined limit. 



CHAPTER XI 

ELECTRIC WnroiKG 8TSTEHS 

As already pointed out In the previous chapter, all 
electric winding plants (except very email inBtalla- 
tions, operating under the moat advantageous cir- 
cumstances as regards vinding) would give rise to a 
load curve of an objectionable deBcription ae viewed 
from the generating station point of view. 

With the idea of obtaining the most advantageous 
conditions of winding, together with a more or less 
even load on the generating plant, several electric 
winding systems have been developed. In all cases 
the main principle is the same, namely, that of stor- 
ing energy during such times as there is little or no 
load on the winding engine, this enet^ being given 
up again at the time of greatest need (i.e. during 
acceleration) to assist the main generators. With 
a properly designed system, working under Buch 
conditions, the main generating plant will run 
continuously throughout the working day under 
approximately constant load. 

The various syBtems differ in their manner of 
storing the energy, but most makers use a heavy 
flywheel ; although secondary batteries have been 
proposed, and have some advantages. 

We will deal first with the flywhed storage systems. 
It is well known that the energy stored in a revolving 
flywheel is given by the formula M x V» -=- 2. 

Where M = the mass of the rim (lb. -^ 32'2), and 
V := the velocity in feet per second. 

The result ia in foot-pounds of enei^ stored in 
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the wheel. From this it will be seen that the energy 
is proportional to the weight of the rim of the wheel 
and to the square of its speed. These flywheels are 
usually made of steel ^te, and are run at as high a 
speed as possible, consistent with safety. 

It is evident that while a flywheel runs at constant 
speed, no energy is added to or taken from the sj^- 
tern. In order to take any enei^ out of the wheel 
the speed must be decreased, and, conversely, if 
energy be added to the wheel the speed ia increased. 

In adapting this principle to electric winding plants, 
we alternatively store energy in and extract it froni the 
wheel, the speed varying accordingly. The useful 
work put into or taken from the system depends 
upon the difference between maximum and minimum 
speeds, and is given by the formula : — 
M (V» — T») -=- 2 = footrlbs. 
A calculation based on any case in practice will show 
at once that it requires a very heavy wheel, nmning 
at a good speed, to obtain the desired results, because 
it is not possible to have too great a variation be- 
tween the maximum and minimimi speeds of the 
flywheel storage set. 

The above represents the problem from a mechani- 
cal point of view, and it is chiefly in connexion vith 
the methods of driving the flywheel set electrically, 
and regulating its speed according to the demand, 
that the various systenas now described have been 
evolved. 

Perhaps the best known is the Siemens-I^er 
System, which has been developed by Messrs. Siemens 
Schackertwerke in Germany, and Messrs. Siemens 
Brothers Dynamo Works, Limited, in this country. 

The digram, Fig. 32, illustrates the genend fea- 
tures. Prom the nuuns, or from an electric power 
station, is drawn the current tor driving a motor 
generator or converter, consisting of a motor coupled 
to a dynamo. 
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This converter transforma the supply current into 
continuous current at variable voltage, which ie used 
for driving the winding motor. The supply may be 
either alternating on the two-vtr three-phafle Bystem, 
or continuous current, whichever happens to be 
available from power station or supply company. 

The converter motor is built to suit the 
character of the supply, but the diagram, Fig. 32, 
Bhowa a three-phase motor with slip rings, the starting 
panel with main switches being at (a) and the rotor 
starting resistance at (c). 

The convertier is provided with a heavy flywheel 
in the form of a single st«el casting, or forging, which 
is capable of running with safety at a high circum- 
ferential velocity. The energy stored in this fly- 
wheel is drawn upon for talnng up fluctuations in 
the load of the winding engine, and equtdizing the 
load upon Ute generating pUnt. 

The converter generator and the winding motor 
are both of the continuous-current type. They are 
separately excited, and, when the supply is altemat- 
ing, a small direct-coupled dynamo provides the 
necessary excitation current. 

The armatures of the winding motor and &e con- 
verter generator are connected in series, imd a set 
of regulating resistances is provided, by means of 
which the esoiting current of the converter generator 
is varied from zero to a positive or negative maxi- 
mum. The degree ctf excitation determines the 
voltage generated, and applied to the terminsJs of 
the winding motor armature, and the revolutions of 
the latter vary in direct proportion. 

The winding motor is either direct-coupled to the 
drum, or drives through single-reduction spur gearing. 
The former has the advantage of simplicity of con- 
struction, and freedom from noise when working, 
and is generally used for all plante of huge size ; for 
smaller plants, however, it is more costly than &e 
geared artangement. In very luge [daats. two 



ELECTRIC WINDING SYSTEMS 14d 
coupled motors, one oa either side of the winding 
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Fib. 32. SiEuiafs-lxairis Wrunofo System. 

drum, are sometimes used. This arrangemenb is 
chiefly advantageous in giving extra security agtunst 
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breakdown Bince, in an emergency, one motor can be 
used to wind at half speed. 

Ab already mentioned, the complete system is con- 
trolled by the regulating apparatus, a control lever 
being provided for working the field rheostat in the 
excitation circuit of the converter generator. As 
this field rheostat controls the excitation current 
from zero to a positive or negative Tmnrimnm, it is 
evident that reversal of the winding motOTs is effected 
by moving the control lever to one side or the other 
from its " off " position. This regulator is provided 
with a lai^ number of steps, in both directions, so 
that exceedingly small gradations of speed are ob- 
tainable. By moving the controller only a email 
amount from the central position, the c^es can be 
driven at a creeping speed which is neceseary for 
inspecting the shaft. By moving the control lever 
a greats distance, the acceleration and winding 
speed are increesed to any desired and predetermined 
value for which the plant may be designed. 

Another special feature of the system is the " re- 
generative braking." Assume the engine to be in 
operation, and winding at full speed ; tiien, by mov- 
ing the control lever back toward the central posi- 
tion, the excitation of the converter motor-generator 
is reduced, until its electro-motive force faJUs below 
the back electro-niotive force of the winding motors. 
The latter act as generators, and tend to bring the 
gear to rest, while, at the same time, it replenishes 
energy and increases the speed of the flywheel set. 

In addition to this regenerative braking action other 
brakes are used, similar to those employed With steam 
winding engines, except that they are operated by 
compressed air, supped by a small electrically 
driven compressor. 

Fig. 33 shows an actual load diagram, taken from 
an ^ectric winding engine. The high peaks, at the 
commencement of each cycle, show t^e power taken 
during the acceleration periods, while the other curve 
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shows hov tike load has been maintained appioxi- 
mately constant on the generating plant, s& the 
time the winding engine is in 'USe. 

As an illustration of an electric winding system 
employing secondary batteries as load equoUzer we 
may instance tiiat designed by Messrs. Crompton 
and Co. The diagram. Fig. 34, shows tiie arrange- 
ment of the comiexions. In this particular case a 
three-phase supply is shown, but it will obvioualy 
make no difference to the principle, if the supply be 
on any other system. 

There are two continuous current mOtois, direct 
coupled to the winding drums. The armatures of 
these motors are connected in series, and provided 
with a reversing switch, the position of which deter- 
mines the direction in which they should run. 

The fields have two separate exciting coils, one 
being connected between the main leads from the 
omnibus ban in the generating station, and the other 
from a point between the armatures of the two 
motors to one of the leads from the omnibus bars. 

These motors are supphed with enei^ through 
a special motor generator, the function of which is 
to give automatic and hand control over the voltage 
at the temiinals of the motors, without the necessity 
or troublesome and wasteful series resistances, and, 
consequenUy, to give a very wide range of control 
over the motor speeds. 

The motor generator consists of two continaous- 
current machines, one being an ordinaiy shtmt 
motor supplied with power from the mains. 

This sp^^ generator is in series with the main 
source erf supply, and is consequently able to increase 
or diminish the voltage of the main supply, accord- 
ing to whether it is excited in one direction or the 
other ; and, by special windings, is able to give a 
wide range of hand control as well as an automatic 
control, over the volts added to or deducted from 
the main supply. 
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To pioduce this result the generator portion of the 
motor generator has two field windings, one being a 
separately exciting circuit, taken from the main 
omnibus bars through the agency of a leversing and 
regulating switch, which gives a lull range ol adjust- 
ment between a maximuni in one direction down to 
zero, and, further, to a, irmniiniiin in the opposite 
direction. 

This field excitation is supplemented by a special 
limiting coil, connected in series with tiie generator 
and the motors, and wound in such a direction that, 
by partially or entirely neutraUzing the supply voltage 
it entirely prevento the current through the motors, 
under any circumstances, from exceeding a, definite 
pre-determined amount. 

The motor-generator and motors take their power 
from any ordinary continuous-current generating 
plant, which, however, should preferably be pro- 
vided with a storage battery, and automatic rever- 
sible booster, as used in tramway stations. 

The diagram above referred to illustrates the csee 
of a three-phase supply system, in which it becomes 
necessary to provide another motor-generator set to 
convert three-phase currmit into medium tension 
continuous current. A small storage battery is used 
in parallel with the continuous-current machine, and 
the fields of this latter are wound in such a way as to 
draw the extra current, required for acceleration, 
from the battery, and not from the supply source ; 
also to return the extra current, generated during 
braking, to tiie battery and not to the supply. There 
may be cases where a storage battery is not required ; 
for instance, as the winding is only a small proportion 
of the total continuous current load of the colliery, 
the return currents go out to the other machines 
ajid simply relieve the main dynamo of its load ; 
but in most cases the battery is recommended. 

The working of the system is as follows ; — 

When the cage is at rest the reversing switch may 
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be in either position, and the regulator, already 
described, is in sucli a position that the motor genera- 
tor oompleteiy neutralizes the supply voltage ; con- 
sequently, although the main circuit to the motors is 
made, no current flows through them, and there is 
no movement of the cage ; in fact, the cage, under 
these circumstances, is electrically locked, and unable 
to move. 

When it is desired to commence winding, the 
reversing switch is set to the required position, which 
may be done without opening the main circuit. The 
regulator is then moved so as to aJlow the generator 
to neutralize less of the supply volts, until they attain 
their maximum value, and afterwards to increase 
them until their value is doubled. 

It is immaterial whether this operation is carried 
out slowly as the motor speeds up, or quickly, for if 
at any time it is so moved as to produce a tendency 
for the generating plant to give the motors too much 
current, the limiting coil on the motor generator 
comes into action, and at once reduces the voltage 
and keeps the motor current down to the predeter- 
mined amount. 

Under these circumstances the motors are Bupphed 
with a constant armature current, adjusted to a 
figure which hos been found moat suitable for giving 
the acceleration required to bring the speed of the 
cage up to its maximum in the shortest possible time. 

When the cage is standing, the motor armatures 
are receiving no current, but their fields are at maxi- 
mum strength. B coil is constant, remaining at the 
same strength under all circumstances, and C coil 
under these conditions is subjected to a voltage equal 
to the supply voltage, and these two excitations give 
full field strength, wiiich enables the armature to 
hold the cage in position, and, when required, givea 
the TrmTrimiinn possible starting torque. The condi- 
tions for acceleration are ideal. At first the field is 
at masimnm strength and the volts on the armatures 
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automatically adjusted to give the required accelera- 
tion wittiout the curtetit exceeding the limiting 
figure. 

It will be noticed that accelerating power is ob- 
tained by increasing the field strength InBtead of by 
increasing the armatare current, bb in ordinary 
seriee-pandlel or series motor eystemfi. This makes 
a great deal of difference in the design of the laotot, 
and enables the efficiency of the motor under these 
conditiona to be at its maximum, beeidee dispensing 
with starting resistances, which are wasteful. 

When the cage attains its full speed the volts on 
tbe armatures are double the volts of l^e supply, 
and the fields are weak owing to the fact that C coil 
is now doing nothing. 

When it is i«quii«d to reduce the speed and stop, 
the regulator on the motor generator is reversed so 
that the voltage supply to the motors is lowered. 
The motoi^ will tben commence to run-as generators 
and return current to the generating plant, which is 
either used by other machines or absorbed by the 
storage battery. 

The fields of the motors begin to strenglben owing 
to C coU again coming into use, which mdntains the 
power returned to the supply. This return power is, 
however, limited in the same way as was the accelerat- 
ing current, owing to the action of 'the limiting coil 
on the motor generator, so that the return current 
and the brakLog effort are kept within a certain pre- 
determined limit. 

Under these conditions the cage rapidly loses speed 
and can be brought to rest definitely and held in 
position at the proper place. 

In the two foregoing systems of electric winding 
it will be noted that continuous current is supplied 
to the motors driving the winding drams, ibi the 
Westii^ouse Ccmverter Equ^zer system now des- 
cribed, three-phase motors are used to drive the 
winding drums. This arrangement bos an advantage 
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over that in which the current is first converted to 
continuous current, inasmuch as the winding motors 
may still be operated in the event of thejequahzer or 
flywheel set breaking down. 

As shown in Fig. 35, the general arrangement of 



From Powf Station to Winding MatBr 




Fia. 35. WEsmnoHoirsE Wdtdino Svstem. 



the Westinghouse system consiBta of a rotary con- 
verter (1) connected through transformers (2) to the 
transmiBsion line. On its continuous current side 
the rotary converter is connected to a continuoufl- 
oorrent maohine ; (3) acting sometimea as a generator 
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uid Bometimes as a motor, and fitted with s fly- 
wheel (4). 

The rotary converter is compounded in a special 
way so as to supply, automatically, l^e mi^netizing 
currents required by the induction motors on the 
system. The voltage of the continuous current fly- 
wheel machine (3) is controlled automatically by a 
quick acting regulating apparatus (5) wluch is 
actuated from the tranflmiseion line throu^ a S^es 
transformer. The whole arrangement constitutes a 
" converter equahzer," the action of which is to dis- 
chai^ energy into the high tension system whenever 
the load on the latter is greater than the constant out- 
put ; and to store energy in the flywheel whenever 
the power demand from the high tension supply 
system is less than the constant output of the station. 

When there is no load on the high tension system, 
the rotary converter runs with approximately 100 
per cent, power factor, and gives up to the flywheel — 
through the medium of the continuous-cui-rent 
machine acting as a motor — energy corresponding to 
the constant output of the station, until maximum 
speed is reached. The flywheel is built for high 
speeds, in order to obtain the necessary effect with a 
minimum of weight, and the slip may be anything 
up to 30 per cent, or 40 per cent, if necessary. 

This converter equalizer may be applied to the 
three-phase system at any point, and three-phase 
current taken from the system' will then be governed 
by it. In using the equalizer for electric winding 
engines, three-phase winding motors are employed, 
and any number may be connected to the system of 
which the equalizer forms a part. Several electric 
winding engines may tiierefore be put down to 
work in conjunction with one equalizer, and, further, 
the latter may be placed in any convenient position 
and need not necessarily be installed in the winding 
engine house. 

It will be evident, on further consideration, that 
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this system differs in some important respects from 
the ]Jgner and Crompton systems just desctibed. 
In both these cases the whole of the electricaJ energy 
is converted, by means of the motor generators 
provided, while in the Westinghouse converter 
equalizer system, only that amount of energy is 
transformed into continuous current, and back into 
thiee-pbase ourent, which is in excess of, or below, 
the constant output of l^e station. It stands in the 
same relation to the three-phase system as the air 
chamber to a plunger pump, and, in like manner, the 
system may be operated at any time without the 
equahzer if necessary. 

In order to clearly exjdain the operation of the 
winding engine with this system of control. Fig. 36 
has been prepared, partJy porapective and also 
diagrammatic. The drum or friction brakes are 
normally actuated by the compressed air cyhnder 
(B) or, in cases of emergency, by the weighted lever 
(C). The whole control gear is operated by means 
of three levers which are fixed on the driver's platform. 

The lever (a) on the driver's ri^^t, actuates the 
main reversing switch and the liquid starting rheostat. 
The lever can be moved either forward or backward 
from its central or off position, the condition of the 
main reversing switch (o) and, consequently, the 
direction of rotation, depending upon this movement. 
As soon as the lever is moved, either way, the main 
reversing switch is first operated, and then the hquid 
starting rheostat. 

The latter consists of two tanks, mounted one 
above the other, tc^ther with a small motor and 
circulating pump as shown in the illustration. The 
upper tank contains three stationary electrodes, and a 
movable sluice gate, the electrodes being connected 
to the shp rings of the main motor. The lower tank 
holds a supply of resistance hquid, and is fitted with 
pipes through which cooling water is circulated. 

The liquid is transferred into the upper tank by 
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means of the circulat^g pump (md retuma to the 
lower, over tiie sluice gate, which is in its lowest 
position when the driver's operating lever is off. 

FoUowing on the first movement of the control 
lever — which throws the main reversing switch into 
one position or the other, according to the required di- 
rection of rotation — the sluice gat© is raised. This 
causes the level of the liquid in the upper tank to 
rise, and, consequently, decreases the resistance 
between the slip rings. 

The sluice gate may be checked in any position, 
or it may be immediately thrown to its highest point, 
this depending on how the driver operates his lever ; 
as, however, the liquid cannot follow the raised sluice 
gate faster than the pump can raise the liquid into 
the upper tank, a certain maximum acceleration 
of the motor cannot be exceeded, although any less 
acceleration may be obtained. This maximum 
acceleration is adjustable by means of a stop valve 
in the delivery pipe of the pump. 

The lever (6) on the driver's left, operates the 
pneumatic brake. The design of the control gear 
is such that electrical braking of the motor, when 
lowering, may be arranged for if necessary. 

The foot lever (c) is placed in a position betwe^i 
the hand levers, so that complete control is all within 
easy reach of the driver. This pedal releases the 
weighted brake lever, and also opens the emergency 
switch (/), thus cutting ofi the supply of current 
to the motor. 

Provision is also made for stopping the plant in 
the event of overwinding, or a failure of the electricity 
supply. The former is effected by tripping mechanism 
in connexion with the depth indicator ; while an 
abnormal fall in voltage, or failure of the supply, 
causes the cores of solenoid {H) to drop, and release 
the emergency brake and switoh. 

Replacement of the wei^ted lever (C) is provided 
for by means of a small winch shown at (£). 
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Although the technical description of the foregoing 
winding syetemB are somewhat intricate, the actu^ 
operation of such a plant, from the driver's point of 
view, is very simple. In fact, it is Bimpler than the 
steam winder, and, further, the protective and 
emeigency devices provided, compel the driver to 
woit his plant properly, while any accident that 
might possibly occur is safeguarded to an extent 
which iB impossible with the eteam winder. 
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CHAPTER XII 
Special rules for the InstaOaflon and use ol electilcl^. 

The following Kules shall be observed, as far as is 
reasonably practicable, in the mine. 

Dbpiottions 

The expreaaion " pressure " means the difference 
of electrical potential between any two conductors 
through which a supply of energy is given, or between 
any part of either conductor and earth, as read by a 
hot wire or electrostatic voltmeter and — 

(a) Wliere the conditions of the supply are such 
that the pressure at the terminals where the 
electricity is used cannot exceed 250 volts, 
the sup^y shall be deemed a low-pressure 
supply. 
(6) Where the conditions of supply are such that 
the pressure at the terminals where the 
electricity is used, between any two con- 
ductors, or between one conductor and earth, 
may at any time exceed 250 volts, but cannot 
exceed 650 volts, the supply shall be deemed 
a medium-pressure supply, 
(c) Where the conditions of supply are such that 
the pressure at the terminals where the 
electricity is used between any two conduc- 
tors, or between one conductor and earth, 
may at any time exceed 650 volta, but cannot 
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exceed 3,000 volts, the supply shall be 
deemed a high-pressuie supply. 
{d) Where the conditions of supply are such that 
the pressure at the tenninals where the 
electricity is used, between any two con- 
ductors, or between one conductor and earth, 
may at any time exceed 3,000 volts, the 
supply shall be deemed an extra high- 
pressure supply. 



1. (a) All electriotd apparatus and conductors 
shall be sufficient in size and power for the work they 
may be called upon to do, and, bo far as is reasonably 
practicable, efficiently covered or safeguarded, and 
so installed, worked, and maintained, as to reduce 
the danger through accidental shock or fire to the 
minimum ; and shall be of such construction, and so 
worked, that the rise in temperature caused by 
ordinary working will not injure the insulating 



(6) In any place or part of a mine where General 
Rule No. 8 of the Coal Mines Regulation Act, 1887, 
apphes, the covering shall be constructed so that, a8 
far as is reasonably practicable, there is no danger 
of firing gas by sparking or flashing, which may 
occur durii^ the normal or abnormal workii^ of the 
apparatus. 

(c) Ail metallic coverings, armouring of cables, 
other than trailing cables, and the frames and bed- 
plates of generators, transformers, and motors other 
than portable motors shall, as far as is reasonably 
practicable, be efficiently earthed where the pressure 
at the tenninals where the electricity ia used, exceeds 
the limits of low pressure. 
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H. Where a medium-preseure supply ia used for 
power purposes, or for arc lamps in eeriee, the wires 
or conductors forming the connexions to the motors, 
transformers, are lamps or otherwise in connexion 
with the supply, shall be, a£ far as is reasonably 
practicable, completely enclosed in strong armouring 
or metal casing, efficiently connected with earth, 
or they shall be fixed at such a distance apart, or in 
such a manner, that danger from fire or ^ock may 
be reduced to the minimum. This rule shall not 
apply to trailing cables. 

3. Where a medium-pressure supply is iised for 
incandescent lamps in series, the wires or conductors 
forming connexions to the incandescent lamps, or 
otherwise in connexion with the supply, shall be, 
as far as is reasonably practicable, completely en- 
closed in strong armouring or metal casing, efficiently 
connected with eart^, or they shall be fixed at such 
a distance apart, or in such a manner that danger 
from fire or shock shall be reduced to the minimum. 

4. Motors of coal-cutting and such other portable 
machines shall not be used at a pressure higher than 
medium pressure. No transformer used for sup- 
plying ciurent at a pressure higher than medium 
pressure, and no motor using such current, shall be of 
less normal rating than 20 B.H.P. for use underground. 

No higher pressure than a medium pressure shall 
he used in any place or part of the mine to which 
General Rule No. 8 of the Coal Mines Emulation 
Act, 1887, applies. 

6. No hi^er pressure than a medium-pressure 
supply shall be used other than for transmission or 
for motors, and the wires or conductors other than 
overhead lines above ground, forming the connexions 
to the motors or transformers, or otherwise in con- 
nexion with the supply, shall be completely enclosed 
in a strong armouring or metal casing, efficiently 
connected with earth, or they shall be fixed at such 
a distance apart, or in such a manu^ tiiat danger 
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from fire or shook shall be reduced to the mimmum. 
The machines, apparatus, and linea shall be so 
marked as to clearly indicate that they are high 
pressure, either by the use of the word " Danger " at 
frequent interv^e, or by red paint properly renewed 
vhen necessary. 

6. The insulation of every complete circuit other 
than telephone or signal wires, used for the supply of 
eneigy, including all machinery, apparatus, and 
devices forming part of or in connexion witii such 
circuit, bhall be so maintained that tJie leakage cur- 
rent shall, so far as is reasonably practicable, not 
exceed yh'ht! *>^ ^^ maximum sup[uy current, and 
suitable means ehall be provided for the immediate 
localization of leakage. 

7. In every completely insulated circuit, earth or 
fault detectors shall be kept connected up in oveiy 
generating and transforming station, to show imme- 
diately any defect in the insulation of the system. 
The readings of these instruments shall be recorded 
daily in a book kept at the generating or transform- 
ing station or swlteh-house. 

8. Main and distribution switch and fuse boards 
must be made of incombustible insulating material, 
such as marble or sJate free from metallic veins, and 
be fixed in as dry a situation as practicable. 

9. Every sub-cireuit must be protected by a fuse 
on each pole. Every circuit carrying more than 5 
amperes up to 126 volts, or 3 amperes at any pressure 
above 125 volts, must be protected in one of the 
following alternative methods ; — 

(a) By an automatic maximum cut-out on each 
pole. 

{b) By a detachable fuse on each pole, con- 
structed in such a manner that it can be 
removed from a live circuit with the mini- 
mum risk of shock. 

(c) By a switch and fuse on each pole. 

10. Fire buckets, filled with clean, dry sand, shall 
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be kept in eleotrictd maoMne rooms, ready for imme- 
diate use in extingulsliing fiies. 

No repair or cleaning of the live parts of any 
electrical apparatus, except mere wiping or oiling, 
shall be done when the current is on. 

Gloves, mats, or shoes of india-rubber or other 
non-conducting material shaU be supplied and used 
where the live parte of switches or machines working 
at a pressure exceeding the limits of low pressure, 
have to be handled for the purpose of adjustment. 

11. A competent person shall be on duty at tJie 
mine when the electrical apparatus or machinery is 
in use ; and at such time as the amount of electricity 
delivBi^ down the mine exceeds 200 B.H.P., a com- 
petent person shall be on duty at the mine above 
ground, and another below ground. Every person 
appointed to work any electric apparatus shall have 
been instructed in his duty and be competent for 
the work that he is set to do. 

12. No person shall wilfully damage, interfere 
with, or without proper authority, remove, or render 
useless, any electric One, or any machine, apparatus, 
or part thereof, used in connexion with the supply 
or use of electricity. 

13. Listniotions shall be posted up in every generat- 
ing, transforming, and motor house, containing 
directions as to the restoration of persons suffering 
from electric shock. 

14. Direct telephonic or other equivalent means 
of coDimunication shall be provided between the 
surface and the pit bottom, or main distributing 
centre in the pit. 

15. Within three months after the introduction 
into any mine of electric motive power, notice in 
writing must be sent to H.M. Inspector of Mines for 
the district. Notice must also be sent of any existing 
electric motive power installation at any mine within 
three months itfter the coming into force of these 
nilos. 



168 ELECfTBICAL MINING INSTALLATIONS 

16. A plan shall be kept at the mine showing the 
position of all permanent electrical machinery and 
cables in the mine, and shall be corrected as often as 
may be necessary to keep it up to a date not more 
than three months previously. 
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17. Where the generating station under the control 
of the owner or manager of the mine is not within 
400 yds. of the working pit mouth, an efficiently 
enclcraed locked switeh box or boxes, or a switch 
house, shall, where reasonably practicable, be pro- 
vided near the pit mouth, for cutting off the supply 
of electricity to the mine. 

18. There shall be a passage way in front of the 
switch board of not less than 3 ft. in width, and if 
there are any connexions at the back of the switch- 
board, any passage way behind the switchboard shall 
not be less than 3 ft. clear. This space shaJl not be 
utihzed as a storeroom or a lumber room, or ob- 
structed in any manner by resistance frames, meters, 
or otherwise. If space is required for resistance 
frames or other electrical apparatus behind the board, 
the passage way must be widened accordingly. 

No cable shaU cross the passage way at the back 
of the board except below the floor, or at a height of 
not less than 7 ft. above the floor. 

The space at the back of the switchboards shall be 
properly floored, accessible from each end, and, 
except in the eaae of low-pressure switchboards, must 
be kept locked up, but the lock must allow of the 
door being opened from the inside without the use 
of a key. The floor at the back shall be incombusti- 
ble, firm, and even. 

19. Every generator shall be provided wilQi a 
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switch on each pole between the generator and the 
busbars. 

Where continuous-current generators are paral- 
leled, reverse current cut-outs shall also be provided. 

Suitable instruments shall be provided for measur- 
ing the current and pressure of each generator. 

Every feeder circuit shall at its origin be provided 
with an aouueter. 

20. If the transmission lines from the generating 
station to the pit are overhead, there shall be lightning 
arresteie in connexion with the feeder circuits. 

21. Automatic cut-outs must be arranged so that 
when the contact lever opens outwards no danger 
exists of striking the head of the attendant. If un- 
enclosed fuses are used they must be placed within 
2 ft. of the floor, or be otherwise suitably protected. 

Where the supply is at a pressure exceeding the 
limits of medium pressure, there shall be no live metal 
work on the front of the main switchboard within 8 
ft. of the floor or platform, and the space provided 
under Rule No. 2 of this section shaU be not less 
than 4 ft. in the clear. Insulating fiooie or mats 
shall be provided for medium preesure boards where 
live metal work is on the front or back. 

22. All terminals and hve metal on machines over 
medium pressure above ground, and over low pres- 
sure under ground, where practicable shall be pro- 
tected with insulating covers or with metal covers 
connected to earth. 

23. No person other than an authorized person 
shall enter a machine or motor room, or interfere 
with the working of any machine, motor, or apparatus 
connected therewith. 



Sbotion III 

CABLES 

24. All conductors (except as hereinafter pro- 
vided) shall in every case be maintained c 
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insulated from eartli, but it is pemusaible to use ttie 
concentric system with earthed outer conductor, if 
proper arrangements are mode to reduce the danger 
from fire or shock to the minimnin ; but the neutral 
point of polyphase systems, and the middle wire of 
three-wire ocKitinuous-current systems may be earthed 
at one point. 

25. Unless fixed aa far aa is reaaooably practicable 
out of reach of injury, all conductors, other thaii 
armoured cablee, must further be protected by a 
suitable covering. Where lead-covered cable is used 
the lead shall be earthed, and electrically continuous 
throi^out. 

The exposed ends of cables where they enter the 
terminals of switehes, fuses, and other appliances, 
must aa far as is reasonably practicable, be properly 
protected and finished off, so that moisture cannot 
creep along the insulating material within the water- 
proof sheath, nor can the insulating material, if of 
an oily nature, leak out of the cable. 

26. All joints must be mechanically and electrically 
efBdent, and, where reasonably practicable, must be 
suitably soldered. In any place or part of the mine 
where Generfd Rule No. 8 of the Cool Mines Regula- 
tion Act, 1887, applies, suitable joint boxes must be 
used, and the conductors connected by means of 
metal screw clamps, connectors, or their equivalent, 
constructed in a safe manner. Provided that in 
any place or part of a mine where a shot may be 
fired, jointe may be soldered by, or in the presence 
of, a person authorized in that behalf by the mont^r ; 
but tiie same precautions in regard to examination 
and removal of workmen as are prescribed by para- 
graphs (/) and (i) of General Rule 12 shall be ob- 
served in all cases, and where the place is dry and 
dusty, also the precautions as to watering prescribed 
in paragraph {A). Wires, other than signalling wires, 
or cables, must not be Joined by merely twisting 
them together. 
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27. Overhead bare wires on the surface must be 
efficiently supported upon insulators, and clear of 
any traffic, and provided with efficient lightning 
arresters. 

28. All cables used in shafts must be highly in- 
sulated and substantially fixed. Shaft cables, not 
capable of sustaining their own weight, shall be pro- 
perly supported at intervals varying according to 
the weight of the cable. Where the cables are not 
completely boxed in and protected from falling 
material, space shall be left between them and the 
side of the shaft that they may yield, and so lessen 
a blow given by falling materiaL 

29. Where the cables in main haulage roads cannot 
be kept at least 1 ft. from any part of the tub or 
tram, they shall be specially protected. When 
separate cables are usedT they shall, if reasonably 
practicable, be fixed on opposite sides of the road. 

The fixing, with metallic fastenings, of cables and 
wires not provided with metallic covering, te walls 
or timbera, is prohibited. 

Cables underground, when suspended, shaJl be 
suspended by leather, or other flexible material, in 
such a manner as to allow of their readily breaking 
away when struck, before the cables themselves can 
be seriously damaged. 

Where main or other roads are being repaired, or 
blasting is being carried out, suitable temporary 
protection must be so used that the cables are reason- 
ably protected from damage. 

30. TraiHng cables for portable machines shall be 
specially flexible, heavily insulated, and protected 
with either galvanized steel wire armouring, extra 
stout braiding, hose pipe, or other effective covering. 
Trailing cables shall be examined at least once in 
each shjft by the person in charge of the machine, 
and any defects in them promptly repaired. 

At points where the flexible conductors are Joined 
to the main cables, a fixed terminal box must bo 
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provided, and a Bwitch shall be fixed dose to or in 
the tenninal box capable of entirely cutting ofi the 
supply from the terminal box and motor. 



SBOnON IV 

SWnCHXS, F03B3 ASD CUT-OUTS 

31. Fusee and automatic cat-outs shall be so con- 
structed as effectually to interrupt the cunent when 
a short circuit occurs, or when the current through 
them exceeds the working ciurent by 200 per cent 
Fuses shall be stamped or marked, or shall have a 
label attached, indicating the current with which 
they are intended to be used, or where fuse wire is 
used each coil in use shall be so stamped or labelled. 
Fuses shall only be adjusted or replaced by an autho- 
rized person. 

32. All live parts of switches, fuses, and cut-outs, 
not in machine rooms or in compartments specially 
arranged for the purpose, must be covered. These 
covets must be of incombustible material, and must 
be either non-conducting or of rigid metal, as far as 
practicable, clear of all internal mechanism. 

33. All points at which a circuit, other than those 
for signals, has to be znade or broken, shall be fitted 
with proper switches. The use of hooks or other 
makeshifts is prohibited, and in any place or part of 
a mine where General Bule No. 8 of the Coal Mines 
Regulation Act, 1887, appUes, the use of open-type 
switches, fuses, and cut-outs is prohibited ; they 
must eitjier be enclosed in gas-tight boxes, or break 
under oH. 

SscnoN V 

HOTOB8 

34. All motors, together with their starting re- 
'istances, shall be protected by switches capaWe of 
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entirely cutting off the pressure, and fixed in a con- 
venient position near the motor ; and every motor 
oi 10 B.H.P. or over, in a machine room underground, 
ahaU be provided with a suitable ammeter to indicate 
the load put upon the mfichine. 

36. Where unarmoured cables or wires paas throi^h 
metal frames or into boxes or motor casings, the 
holes must be substantially bushed with insulating 
bushes, and, where necessary, with gas-tight bufihings 
which cannot readily become displaced. 

36. Terminal boxes of portable motors must be 
securely attached to the machine, or be designed to 
form a part thereof. 

37. In any place or part of a mine where General 
Rule No. 8 of the Coal Mines Regulation Act, 1887-, 
applies, all motors, imless placed in such rooms as 
are separately ventilated with intake air, shall have 
all their current-carrying parts, also their starters, 
terminals, and connexions, completely enclosed in 
flame-tight enclosures, made of uninflammable ma- ' 
terial, and of sufficient strei^h as not to be hable 
to be damaged should an explosion of firedamp occur 
in the interior, and such enclosures shall not be 
opened except by an authorized person, and then 
only when the current is switched off. The pressure 
shall not be switched on while the eodilofiures are open. 

38. In imy plaoe or part of a mine where General 
Bole No. 8 of the Coal Mines Regulation Act, 1887, 
applies, a safety lamp or other suitable apparatus 
for the detection of firedamp shall be provided for 
use with each machine when working, and should 
&aj indication of firedamp appear on the flame of 
the safety lamp or other apparatus used for the 
detection of firedamp, the person in chai^ sliall 
immediately stop the machine, cut off the current at 
the gate end or nearest switch, and report the matter 
to an official of the mine. 

30. (a) A coal-cutter motor shall not be kept 
continuously at work for a period oi time exceeding 



174 ELECTRICAL MINING INSTALLATIONS 

a nmximuiD period which shaJl be specified in wilting 
by the manager, bo that the roof may be carefully 
examined. 

(b) The casing or inspection doors of all portable 
motors used undei^round and the casings of their 
awitches and other appliances shaU at least once a 
week be opened by a competent person appointed 
by the manner, and the parts ao disclosed diall b© 
cleaned and examined before the coverings are re- 
placed. In special cases requiring a motor to run 
continuously, longer than one week, the motor shall 
be examined at the end of the run, A report of such 
examination shall be entered In a report book. 

40. The person in charge of a coal-cutter or diilliug 
machine shall not leave (£e machine while it is work- 
ing, and shall, before leaving the working place, see 
that the current is cut oS from the trailing cables. 
He must not allow the cables to be dragged along by 
the machine. No repairs shall be made to any port- 
able machine until the pressure has been cut oS from 
the trailing cables. 

41. If any electric sparking or arc be produced 
outside a coal-cutting or other portable motor, or by 
the cables or rails, the machine shall be stopped, and 
not be worked again untU the defect is repaired, and 
the occuirence shall be reported to an ofBcial of the 
mine. 



JSLSCTBia LOCOMOnVBS 

42. Electric haulage by locomotives by the trolley 
wire system is not permissible in any place or part 
of a mine where General Bule No. 8 of the Coal Mines 
Begulation Act, 1887, applies. On this system no 
pressure exceeding the limits of medium pressure may 
be employed. 

43. In undeiground roads the trolley wires must 
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be placed so that they are at leaet 7 ft. above the level 
of the road or track, or elsewhere, if sufficiently 
guarded, or the pressure must be cut off from the 
wires during such hours as the roads are used for 
travelling on foot in places where trolley wires are 
fixed. The hours during which travelling on foot is 
permitted shall be clearly indicated by notices and 
signals placed in a conspicuous position at the ends 
of the roads. At other times no other than a duly 
authorized person shall be permitted to travel on 
foot along tiie road. 

On this system either insulated returns or unin- 
sulated metaUic returns of low resistance may be 
employed. 

44. In order to prevent any other part of the 
system being earthed (except when the concentric 
system with earthed outer conductor is used) the 
current supplied for use on the trolley wires witli an 
uninsulated return shall be generated by a separate 
machine, and shall not be taken from or be in con- 
nexion with electric lines otherwise completely 
insulated from earth. 

46. If storage battery locomotives are used in any 
place or part of a mine where General Rule No. 8 of 
the Coal Mines Regulation Act, 1887, applies, tlie 
rules applying to motors in such places shall also be 
deemed to apply to the boxes containing the cells. 



BLKOTBIO LIGHTmQ 

46. All ato lamps shall be so guarded as to pre- 
vent pieces of ignited carbon faUing from them, and 
shall not be used in situations where there is likely 
to be danger from the presence of coal dust. They 
should be so screened as to prevent risk of ccmtact 
with persons. 

47. Small wires for lighting circuits must be either 
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conveyed in pipes or oaongs, or suspended from por- 
ceiain inBulators, or tied to them with some non- 
conducting material which will not cat the covering, 
and so that they do not touch any timbering or metal 
work. On no account must staples be used. If 
metallic pipes are used they must be electrically 
continuous earthed. If separate uncased wires are 
used they must be ^pt at least 2 in. apart, and not 
brought together except at lauips or switches or 
fittings. 

48. In imy place or part of a mine where General 
Rule No. 8 of the Coal Mines B^ulation Act, 1887, 
applies, eleotrioal lamps if used must be of the vacuum 
or enclosed type ; they shall be protected by gas- 
tight fittings of strong glass, and have no flexible 
cord connexions, and shall only be changed by a 
duly authorized competent person. While the lamps 
are being changed tJie current shtdl be switched ofi. 

4d. In all machine rooms and other places under- 
ground, where a failure of electric light is likely to 
cause danger, some safety lamps or other proper 
Ughts shall be kept for use in the event of such failure. 



50. Electricity from lighting or power cables shall 
not be used tor firing shots, except in sinking shafts 
or stone drifts, and then only when a speciaJ firing 
plug, button, or switch is provided, which plug, 
button, or switch shall be placed in a fixed locked 
box, and shall only be accesable to the authorized 
shot-firer. 

The firing cables or wires shall not be connected 
to this box until immediately before it is required 
for the firing of shots, and shall be disconnected 
immediately after the shots are fired. 

When shot-firing cables or wires are used in the 
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vicinity o£ power or liglitlng cablea, enfficient pre- 
cautions shall be taken to prevent the shot-firing 
cables or wiiea from coining in contact with the 
lighting or power cables. 

The forgoing rules shall not apply to telephone, 
telegraph, and signal wires, to which the rules o{ this 
section only sha£ apply. 



SKonoH IX ■ 

siQHAiiLma 

51. All proper precautions must be taken to pre- 
vent electric signal and telephone wires from coming 
into contact with other electric conductors, whether 
insulated or not. 

52. Contact makers or push buttons of electric 
signalhng oircuite shall be so constructed and placed 
as to prevent the circuit being accidentally closed, 

53. In any place oc part of a mine where General 
Role No. 8 of the Coal Mines Regulation Act, 1887, 
apphes, bare wires shall not be used for signalling 
circuits except in haulage roads, and the pressure 
shall not exceed 15 volts in any one circmt. 

Sbohon X 
BLEOTBIO BEUOETma OF SAFETY LAMPS 

54. In mines to any place or part of which General 
Rule No. 8 of the Coal Mines Regulation Act, 1887, 
applies, when safety lamps are rehghted undei^round 
by electricity, the manager shall select a suitable 
stetion or stations, which are not in the return air- 
way, and in which there is not likely to he any acen- 
mulation of infiamjuable gas ; and no electric re- 
lighting apparatus shall be used in any other place. 
All electrical relighting apparatus shall be securely 
locked, so as not to be available for use except by 
persons authorized by the manager to relight safety 
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Umpe, and Buch persona ahall examine all Boieby 
lampe broi^ht for reJighting before they are re-iflaned. 



Section XI 

VXKMSTIOSB AND HISOBLLANBOCS 

05. Notwithstanding anytiung contained in tiieae 
rnlea, any electrioal plant or apparatus installed or 
in use before the coming into force of these rules may 
be continued in use onlees an inspector shall other- 
wise direct, or subject to any conditions affecting 
safety that he may prescribe. 

In ease any difference of opinion shall arise between 
an inspector and on owner under this Rule, the same 
shall be settled as provided in Section 42 of the Coal 
Mines Regulation Act, 1887. 

66. Any of the foregoing requirements shall not 
apply in any case in which exemption is obtained 
from the Secretary of State, on the ground either of 
emergency or special circumsttuieee, on such conditions 
as the Secretary of State may prescribe. 
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